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Sullivan Air Compressors 
For any Pressure and Capacity 

















The Calumet and Arizona Mining Co. 


of B’sbee, Ariz., has just installed this Sullivan 
Two-Stage Corliss Cross Compound Compressor, 
capacity, 3,5c0 cubic feet of air per minute. 


SULLIVAN MACHINERY CoO. 


CLAREMONT, N. H. ; DENVER 
NEW YORK Railway Exchange SALT LAKE 
EL PASO 


PITTSBURG wL, 
ST. LOUIS CHICAGO PARIS, FRANCE 




















LIDGERWOOD M’F’G CO., 


Boston. : Chicago. 
Philadelphia. 96 Liberty Street, Portland, Ore. 


Cleveland, O. New York. New Orleans. 
STANDARD 


High-Speed 
Hoisting 


Cableways, 


Hoisting 


. AND 
Engines. 


Built on the 


Duplicate . 
Part System. Devices, 


For Canal and Trench Excavating, Dam Construction, Wall and Pier Building, Mining, 
Quarrying, Logging, and General Contract Work. 


Conveying 

















Fiske Brothers Refining Co. 
NON-CARBONIZING OIL 


AIR COMPRESSORS 


Also all Grades of Lubricants for use on Machinery 
Propelled by Compressed Air 


Office and Salesroom, No. 59 Water St., New York, U.S. A. 


Cable Address: London Office: Sole Agents for Scotland: 
** LUBROLEINE.”’ 3 MITRE STREET JOHN MACDONALD & SON 
ALDGATE, LONDON, E.C. GLASGOW, SCOTLAND 
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“BLUE BOOK 


Containing brief, readable descriptions 
of the best Compressors made 


SENT ON REQUEST 


me INGERSOLL-SERGEANT ::" 


11 BROADWAY ST. Louis, Mc, 
Boston, MAss. 
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PORTER COMPRESSED AIR 
MINE AND INDUSTRIAL HAULAGE. 
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MORE UP-TO-DATE, SAFER, HANDIER AND MORE RELIABLE AND ECONOMICAL 
THAN ELECTRICITY. 


We introduced the first air haulage into anthracite mines, and have installed about 80 per 
cent. of the air locomotives in America and the majority of those in the world. We can refer to 
a large number of plants with one to fifteen locomotives, track gauges 18 to 56% inches. Our 
designs are automatic, easily controlled and free from complications. 

SPECIAL OFFER: On application of Mine Superintendent or prospective user, we will mail 
free our 233 page catalogue describing 600 steam and 60 air locomotives. To accommodate others 
a copy will be mailed on receipt of 50 cents in stamps. 
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SHE ENGINEERING AND MINING 


=a JOURNAL 


periodical. Interests compressed air users. Sub- 





is the leading mining 


scription price, $5.00 a year, payable in advance ; 
foreign, $8.00. Sample copies sent for the asking. 


261 BROADWAY NEW YORK. 


























—_— 
= 








lena. 














COMPRESSED AIR. 


ve 





Leads and Holders 





Using more colored leads than any 
other business house in the world, 
and unable to find a lead-holder 
that would hold and keep on 
holding, we invented one with a 
positive stop, no provoking clutch. 
It has stood the test of a dozen 
years’ constant use; it doesn’t 
wear out; the lead can’t work 
back ; it is a double-ender; it is 
perfection for editing copy, check- 
ing, etc. We mail it for 25 cents, 
loaded with two leads. We seli 
black, blue, green, yellow and red 
leads for $5.00 a gross, 50 cents a 
dozen, 5 cents a piece—made for 
us, 3 inches long, the best quality 
we can get. Stamps acceptable. 


Luce’s Press Clipping Bureau 
26 Vesey St., New York 
68 Devonshire St., Boston 


HE only publication in the 
world devoted exclusively 
to the boiler-making industry is 
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THE CURTIS TYPE AIR 


COMPRESSOR 
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“Sub-Base” 
Air 
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CURTIS & CO. MFG. CO. St. Louis, Mo. 
LIST OF AGENTS: 

The Walter H. Foster Co., 126 Liberty St., N.Y. 

The Strong,Carlisle & HammondCo.,Cleveland,0O. 

Baird Machinery Co., Pittsburgh, Pa. 

Hill, Clarke & Co., Boston, Mass. 








Subscription 

Price, 

$1.00 

per year 

Domestic 
$1.50 Foreign 


Sample Copies Free 
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17 Battery Place 


NEW YORK CITY 
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“COMPRESSED AIR” 


Published Monthly. 


This is the only publication devoted to the useful applications of compressed 
air, and it is the recognized authority on all matters pertaining to this subject 


RATES OF SUBSCRIPTION. 


United States, Canada and Mexico, : : ‘ per year, 
All other Countries, : “ 
Single Copies, 


LIST OF BOOKS ON COMPRESSED AIR. 


Volume No. 9, ‘* Compressed Air,” ‘ ‘ ° , , . cloth, 


March, 1904—February, 1905, inclusive. The twelve numbers of 
**Compressed Air,”’ which make upa summary of a year’s events, includ 


ing descriptions of important compressed air installatiovs and applications, 
all well illustrated with fine half-tone engravings and line cuts 
“Compressed Air Information,"’ Edited by W. L. Saunders. ; . cloth, 


A Cyclopedia containing Practical Papers on the Production, Transmission and 
Use of Compressed Air 


** Pumping by Compressed Air,’ by Edward A. Rix, . . ‘ 
A practical treatise on this subject, containing valuable information, with 
diagrams and tables. The different systems are described and compared, 
and the advantages of each impartially stated. 


“Compressed Air,”’ by Frank Richards, ; . ° . cloth, 


Contains practical information upon ai: compression and the transmission and 
application of compressed air. 


“Liquid Air and the Liquefaction of Gases,” by Prof. T. O°Conor Sloane, 350 pages, 


Expe —— upon I Transmission of Power by Compressed Air in Paris, by A. 
. Kennedy, K. S., M. Ins st. C. E., Emeritus Professor of Engineering in 
U ce ( ve Aha London. ‘he Transmission and Distribution of Power 
from Central Station by Cc a Air, by William Cawthorne Unwin, B. 

3. 0., F. &. 8, MM. Tost. a 4 ‘ R ; 


*Electrician’s Handy Book,” by Prof. T. O’Conor Sloane, 800 pages, . leather, 


A practical hand-book on electrical work for the engincer and non-technical 
man. 


The Transmission of Power by Compressed Air, by Robert Zahner, M. E., 


‘**Tunneling,’’ a practical treatise, by Charles Prelini, C. E. With additions by 
Charles S. Hill, C. E. 150 diagrams and illustrations, . F . cloth, 


‘Transmission of Power by Fluid Pressure,” by Wm. Donaldson, M. A. cloth, 
(M. Inst. C. E.) 


a4 


Forwarded postpaid on receipt of price. 


$1.00 
1.50 
10 


2.00 


5.00 


1.50 


2.50 


“COMPRESSED AIR,’’ 1 Broapway, NEW york. 


S> PIDBBNDDBBBBOOXL3GBBSBBBSSSSOSS 


SS; RN RR. SR BRINE. AAO BOODOOSD NN 9NNBSDOBDOOD BOD] 














COMPRESSED AIR. 


vw 








Commercial Law 


TAUCHT BY MAIL 


No business man can afford to be 
the information contained in the I. C. 8. Com- 
mercial Law Course, for it will enable him to 
carry on business transactions more intelligently, 
and to avoid much trouble and litigation. 


without 


The laws of contracts, commercial 
paper, banks and banking, partnership, 
corporations, trusts, patents, copy- 
rights and trade-marks, debtor and 
creditor, executors and administrators, 
etec., etc., are fully treated, Since the 
Course is especially written for self- 
instruction, the presentation of all the 
subjects is very clear and simple. 

The six Bound Volumes of this Course, being 
virtually duplicates of the Instruction Papers, 
contain the complete Course in permanent form. 
They can be obtained with or without the privi- 
lege of instruction by mail. 


Send for full particulars to-day. 


International Correspondence Schools, 
Box 1132, Scranton, Pa. 
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; Castings, Structural Steel and 


aning 


Made by C. 


The Injector Sand Blast 


APPARATUS 





Stone Work, etc. 
WRITE FOR CIRCULAR 














1905 MODEL 
DRUCHLIEB 
132 Reade Street, New York 














ADVANCE INFORMATION 


Wouldn't it be profitable for you to know every 
move in your business world before your competi- 
tors do, to receive the earliest intelligence con- 
cerning new markets and outlets for your goods, 
to have before you every scrap of information 
printed about your line of business? 


PRESS CLIPPINGS 


will give you this information while the news is 
fresh and valuable. Theysupply anyone interested 
in any matter with all the information from evory 
part of the country pertaining to that subject. 


THE INTERNATIONAL 


PRESS CLIPPING BUREAU 


the largest Press Clipping Bureau in the 
world, will send you everything printed in 
every newspaper, magazine or trade jour- 
nal in the country, on any particular sub- 
ject you may desire. 

This Bureau reads and clips 55,000 papers 
and other periodicals each month, and even 
if you are now a subscriber to some other 
clipping bureau, it will pay you _to investi- 
gate the superior service we offer. Write 
for our book concerning ( ‘lippings and how 
they may be applied to your profit. Wewill 
send it to you free and ‘quote you a Special 
Bargain rate for atrial month. if you will 
name the subject. You might also ask 
about our Daily Business Reports. Address 


International Press Clipping Bureau 
1425 Boyce Buliding, CHICACO,U.S.A. 





ANY MAN 


mechanically inclined, knows the advantage 
and necessity of keeping himself well in- 
formed as to the progress which is being 
made continually in the machinery world. 
Our monthly journal, 


MODERN MACHINERY 


tells you every month all about this prog- 
ress. It is weil illustrated and interestingly 
written, and costs but $1.00 per year, Single 
copies 10 cents. 


WE WANT 


every reader of COMPRESSED AIR to send us 
his subscription at once, so that he may take 
advantage of our liberal offer. 

Send us $1.co, and we will send you 
Modern Machinery for one year, and 





=]:\F, ATYTO 
we will also send you, free of all charges, one 


of our Improved Gravity Stylo Pens, an im- 
provement over the ordinary fountain pen. 


-.- SUBSCRIBE AT ONCE.,. 





Modern Machinery Pub. Co. 
816 Security Building, Chicago, Ill. 
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The Only Publication 
in the World 





Devoted exclusively to Engineering as 
applied to Marine work is Marine 
Engineering 


TERMS OF SUBSCRIPTION 


Per Year Per Copy, 


United States Canada and Mexico, $2.00 
Other Countries in Postal Union, 2.50 


20 cents 
25 cents 


SAMPLE COPY FREE 
MARINE ENGINEERING 
17 Battery Place, NEW YORK, U.S.A. 
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Compressed Air. 


Practical information upon Air-Compression 
and the Transmission and Application 
of Compressed Air. 
By FRANK RICHARDS, 12mo, cloth, $1.50 
John Wiley & Sons, New York. 
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matter. 
most authoritative character. 


One Dollar a Year 


THE ENGINEER 


Is a power-plant paper for engineers—for those who install, operate and 
care for machinery, whether steam, electric, gas or hydraulic. 

The issues of one year contain about one thousand pages of reading 
The articles are in the highest degree educational, and of the 
Every phase of every power plant subject 
is treated in a manner both popular and interesting. 


ISSUED TWICE A MONTH 


WRITE FOR FREE SAMPLE COPY 








THE ENGINEER PUBLISHING COMPANY 


355 DEARBORN STREET, CHICAGO 
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THE SLOGAN OF THE CAMERON *@ 
‘© CHARACTER THE GRANDEST THING ”’ 


Cameron Pumps 


are not built to meet cheap competition, but 










to insure best results and for everyday service. 
Equally efficient with Compressed Air as with 
Steam. 






Regular Hori- 






zontal Piston 






Type for Gen- 





eral Service. 
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THt 
CAMERON 

© nad 
A.S. CAMERON 
PUMP WORKS 


Te» P.2j° 4 T 


is distinctive in all 


“Cameron Quality” 


in them is the best obtainable. Through the use of jigs and the latest 


types. The material 





modern practice in their construction all parts are interchangeable, 


enabling quick replacements in case of accident. 


Our Complete Catalog ‘*K 31” is worth securing as it contains valuable information 
for the engineer and interested purchaser, 


A. S. Cameron Steam Pump Works 
FOOT OF EAST 23d STREET, NEW YORK 
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SEND FOR 


COPY 


“Air Power” 


JULY 


SAMPLE 


ISSUE 


RAND 


Compressors 


AND 


Rock Drills 


Have been success- 
fully operated under 
the most exact- 
ing conditions for 


the past 30 years 


Rand Drill Co. 


if BROADWAY 











AIR COMPRESSORS 


ALL STYLES—ALL SIZES 


EMBODYING LATEST 
IMPROVEMENTS 





ROCK DRILLS 
McKIERNAN DRILL CO. 


170 BROADWAY, NEW YORKCITY 
WESTERN REPRESENTATIVES : 
CONTRACTORS’ SUPPLY & EQUIPMENT CO 
232 FIFTH AVE., CHICAGO 

















Do You Want 
Clean CASTINGS 
at the Lowest Cost? 


IF SO, 
The  * 
Paxson- Warren 

SAND BLAST 
MACHINE 


will clean your Cast- 
ings cleaner than you 
ever had them. 


WILL DO IT 
=: Quickly and 
po Thoroughly 











J. W. PAxson Co. 


Foundry Outfitters 
PHILADELPHIA, PA. 
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THE COMPRESSED AIR MAGAZINE. 


A MONTHLY PUBLICATION DEVOTED TO THE USE- 
FUL APPLICATIONS OF COMPRESSED AIR. 
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. 1, SAUNDERS, - - Editor and Proprietor 
. B. MORSE, . . - Managing Editor 
. E. QUINTERO, - - - + + Treasurer 
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Subscription, including postage, United States, 
Canada and Mexico, $1.00a year. All othercoun- 
tries, $1.50a year. Single copies, 10 cents. 


Advertising rates furnished on application. 








We invite correspondence from engineers, con- 
tractors, inventors and others interested in com- 
pressed air. 


All communications should be addressed to Com- 
PRESSED AIR, 11 Broadway, New York. 
London Office, 114 Queen Victoria Street. 
Those who fail to receive papers promptly will 
please notify us at once. 


Entered as Second-Class Matter at the New York, 
N. Y., Post Office. 


VOL. .X. 


AUGUST, 1905. No. 6 
Economy Through Reheating. 
As a means of power transmission com- 


pressed air is beginning to receive the 
careful study that it deserves. It is an 


how air 


old — story was expected to 
accomplish great things and yet re- 
ceived comparatively no atténtion or care. 
From this grew the fallacy that there 


was no economy in the use of compressed 
air. As soon as the pneumatic engineer 
became a reality he proved how false that 
Statement was. 

One of the first steps in the economical 
use of air was the adoption of the inter- 
When the 


pound compression for higher pressures 


cooler. advantages of com- 
began to be appreciated the intercooler 
became a very necessary and important 
part. 

Trouble in the air line and at the drill 
or motor developed from the moisture in 
the air. The solution of this problem ap- 
peared in the form of an aftercooler. 
Compressed air plants 
include the 


designed on 


modern lines aftercooler in 


some form in every instance. Pneumatic 
engineers fully realize the advantages to 
be gained from aftercooling, even if a 
certain amount of energy is lost as the 
heat disappears. 

The reverse of this proposition, the 
restoration of this heat just previous to 
the expansion of the air, is an economy 
which, while admitted in theory, is 
rarely put into actual operation. As air 
is heated it expands. Therefore the air 
under pressure, if heated, will have a 
greater expansive force or pressure. In 
expanding the temperature of air is 
lowered. For this reason reheating often 
serves as a remedy for freezing at the 
exhaust of the machine. It has been 
proven, however, that with proper atten- 
tion to the removal of moisture from the 
air there will be no freezing, even if the 
air enters the motor at a comparatively 
temperature. The great advantage 
increased 
efficiency for the air under pressure. 

The leading article in this issue is a 
treatise on the subject of reheating, 
which will be read with interest by those 
who are interested in the economical use 
The paper is too long 
to publish in one issue, and it will be con- 
cluded in the September number. Com- 
PRESSED AIR will be glad to publish any 
comments which its readers may care to 


low 
which reheating offers is an 


of compressed air. 


make on the statements made therein. 





Destruction of Henderson’s Point. 

Certain new and distinguishing features 
in the field of rock excavation have gained 
special prominence for the destruction of 
Henderson’s Point at the Portsmouth 
Navy Yard, Kittery, Maine. The removal 
of this rocky point was made necessary 
in the widening and straightening of the 
channel of the Piscataqua River, so that 
the large war ships might reach the new 
dry-dock recently completed at Kittery. 
Henderson’s Point projected out into the 
river, making a sharp turn in the swift 
current around which the larger ships 
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could not pass. For the purpose of its 
removal, $750,000 was appropriated by 
the Government and the contract for the 
work awarded to the Massachusetts Con- 
struction Company. The inner part, or 
core of the point was first removed by 
open-cut work, then, on Saturday, July 
22d, the remaining “rim” was destroyed 
in one blast. 

Much has been said about this explosion 
which has been called by some the largest 


3606 


and 40 tons of 75 per cent. dynamite were 
used, or a little more than two pounds of 
dynamite per cubic yard of rock. This 
was the largest dynamite blast on record. 

Had ordinary conditions prevailed the 
task would have been a comparatively 
simple one. It was the intention to begin 
work in the channel where the slope to- 
ward the shore began and, with the aid 
of a submarine drilling scow, to gradually 
break off the rock to the required depth, 




















‘ 


SIX INGERSOLL-SERGEANT 


“H-9” DRILLS IN LINE, DRILLING 60-FOOT HOLES IN THE EDGE 


OF THE “ RIM.” 


blast ever fired. As a matter of fact, the 
total amount of explosive used was by no 
means as large as that fired at Hell Gate 
in 1885. The Hell Gate blast extended 
Over an area of 9 acres; 270,000 cubic 
yards of rock were broken up, and 120 
tons of “ Rend-rock” powder and 20 tons 
of dynamite were used. In the blast at 
Henderson’s Point, the “rim” included 
approximately 35,000 cubic yards of rock 


until the shore line was reached. In the 
meantime, the centre of the Point was to 
be removed as in ordinary open-cut work. 
\ coffer-dam was to be built outside of 
the Point, the water pumped out and the 
“rim” removed in the open. The hitch 
came in getting a coffer-dam that would 
stay. A strong one was built, but a few 
days of the rushing current demolished it. 
The contractors then realized that this 
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method of excavation could not be fol- 
lowed except at a prohibitive cost. 
Bearing in mind the removal of the rock 
at Hell Gate, consideration was given to 
a proposition to drive a number of short 
headings from the inside of the “rim” 
under the outlying rock, drilling from the 
headings short holes for the powder. 
Here another obstacle was discovered in 
the kind of rock encountered. It was so 


order to reach under all the rock to be 
removed these holes had to be drilled from 
50 to 8o feet deep. 

The work of excavation began with the 
removal of the core. The submarine dril- 
ling boat of the Eastern Dredging Com- 
pany was used just below the Point, 
drilling holes where the shallow water 
began. The rock was blasted off into 
deep water and left there, the intention 

















ONE OF THE INGERSOLL-SERGEANT “ H-9” 


DRILLS USED AT HENDERSON'S POINT, ILLUS- 
TRATING THE METHOD OF MOUNTING AND 


THE USE OF A SHORT EXTENSION PIECE 


SOMETIMES USED WHEN THE STEELS WERE NOT OF SUFFICIENT LENGTH, 


full of seams and fissures that it was evi- 
dent there would be great trouble in keep- 
ing the water from leaking through into 
the headings. ‘This difficulty was finally 
overcome by subsituting long holes from 
the edge of the “rim” for the headings 
and short holes. These holes were placed 
from 6 to Io feet apart at a dip from the 


horizontal of 1% inches to the foot. In 


being to remove it with dredges at the 
completion of the work. After drilling 
for three months scows were substituted 
for the boat and the work continued for 
a time, about 800 cubic yards of rock being 
removed in all. 

The failure of the coffer-dam made 
necessary the changes in the plans already 
mentioned. When the centre of the Point 
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was removed, the work of putting in the 
holes began. Eight Ingersoll-Sergeant 
“H-9” Drills were used. These drills are 
the largest made, having cylinders 5% 
inches in diameter by 8-inch stroke. The 
formation of the Point was a combination 
of seamy trap and hard block rock. Veins 
of quartz were scattered through it at 
intervals. The drilling was very hard and 
irregular and required unusually frequent 
sharpening of steels. 

The mounting of these drills was un- 
usual, the conditions being such as to 
make the use of either tripods or columns 
impossible. The drills were bolted in a 
row to a heavy timber frame-work which 
was loaded down with stone. After a 
series of holes were bored, the frame-work 
was moved along. One of the accom- 
panying illustrations shows seven of these 
drills in a line and gives an idea of the 
mounting. “X” bits were used for a 
distance of about 15 feet, after which the 
drilling was continued to the desired depth 
with a chisel bit. As already stated, these 
holes varied in depth from 50 to 8o feet, 
the final diameter being 2, 2% or 2% 
inches, depending on the length. The 


holes were 5 inches in diameter at the 


start. The shortest time for driving one 
of the holes was twelve hours. In the 
case of others, however, it was much 


longer, the formation of the rock being 


such that the progress was very slow. 
Some idea of the service required of 
these drills can be obtained when it is 


reniembered that the longest drill steels 
weighed as much as 800 pounds. One of 
the accompanying illustrations shows one 
of these steels being carried to the black- 
smith shop by a gang of men. 
Compressed air was the power selected 
for operating these drills. The power 
house was located about 600 feet from 
the Point and contained three air com- 
pressors. Two were of the duplex type 
with a capacity of 800 cubic feet of free 
air per minute each. The other was a 
straight-line compressor of smaller ca- 
pacity. Air was supplied at 100 pounds 
pressure at the power house. A 4-inch 


main carried it to the edge of the excava- 
tion where smaller lines took it to the 
drills and hoists. 


Of the latter there were 
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twelve which lifted the rock from the hole 
and placed it in cars. This rock was used 
for filling in other parts of the Navy 
Yard. 

As the “rim” in some places was low 
enough to admit water at high tide, it was 
necessary to build a coffer-dam on top of 
it. The current was so strong that this 
was broken on several occasions, thereby 
flooding the excavation and compelling a 
temporary cessation of work. On the 
completion of the drilling, the holes were 
charged with a special 75 per cent. dyna- 
mite supplied by the National Powder 
Company. This was made in sticks vary- 
ing in diameter from 1% to 4 inches. The 
exploders were wired up by Chief Elec- 
trician Thomas F. Flannigan, of the Navy 
Yard. This required great care, as it was 
of particular importance that the entire 
charge should be exploded at the same 
time. 

To break up the coffer-dam, holes were 
made in it 10 feet apart and each charged 
with 30 pounds of dynamite. The efforts 
of the laborers to open a passage in the 
coffer-dam so that the excavation might 
be filled before the explosion did not 
appear successful, so that it became neces- 
sary to break a passage in the dam with 
dynamite. This was accomplished safely 
without injuring the heavy charge beneath. 

A great crowd witnessed the blast which 
took place at 4.10 o'clock. None of the 
engineers were certain as to what the 
result might be and there was a general 
fear that much damage might be done to 
both life and property. The water proved 
to be a very effectual blanket, however, 
although the water and debris of the 
coffer-dam were thrown over 100 feet in 
the air. 

The task of removing the broken rock 
with dredges will begin at once. The con- 
tractors report that the blast was very 
satisfactory in breaking up the Point and 
the outlying rock. 

Mr. O. W. Foster, as superintendent of 
the Massachusetts Contracting Company, 
has had charge of the work for the con- 
tractors. Lieutenant G. E. Gregory, U. S. 
N., has been the engineer in charge of 
the work for the Government. 


CuHar_es B. Morse. 
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Internal Reheating of Compressed Air.* 


PART I. 


The wide and rapidly increasing applica- 
tion of compressed air makes a successful 
system of reheating especially desirable. 
It may safely be said that at the present 
time there is no good reheater on the 
market. When it is considered that in 
many cases the well known advantages 
to be obtained by reheating are sufficient 
to make profitable a system of air trans- 
mission or distribution, which would 
otherwise be infeasible, it must be con- 
ceded that the problem of reheating is well 
worth investigating. 

Air possesses several properties which 
fit it peculiarly for use in many kinds of 
service where other media would be at a 
disadvantage. As compared with steam 
it permits of transmission to long dis- 
tances without serious loss of power, or 
dJanger of accident. It may be distributed 
t> widely scattered tubes in bare pipes 
running on top of the ground. For tem- 
porary work such as excavating, tunnel- 
ing, quarrying, etc., its advantages over 
steam are obvious. In mining it has ob- 
tained a wide application owing to its con- 
venience and safety. Another strong 
advantage of compressed air for trans-| 
mitting power, is that the work lost in} 
friction and other losses may be largely | 
regained by reheating the air close to the | 
point of use. In this way the original! 
power used in the compressor might be ! 
equalled or even exceeded at the expense, 
of course, of a certain amount of fuel, but 
the fuel so used is utilized more efficiently 
than in almost any other known method 
of transforming heat into work, as. will 
be shown later. 

We wish, however, to make it clear that 
we are not considering the use of this 
system as a method of power develop- 
ment, or in other words, as a “constant 
pressure heat engine.” We are aware that 
many losses attend the use of compressed 
air and do not anticipate any profit from 
compressing air simply for the purpose of 
adding heat to it and transforming this 
heat into work. But we do believe, how- 
ever, that compressed air has advantages 

* Thesis presented by C. A. Dawley and A. W. 
Stone for the degree of M. E. at Cornell University, 
June, 1904. Published in the January and Febraary 
(1905) isenes of the Sibley Journal of Engineering. 


Cuts used through the courtesy of that publication. 
Part IT. will appear in September CoMPREssED AIR. 
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which have caused it to be used ex- 
tensively in spite of losses in its use, and 
what we wish to emphasize is the desira- 
bility of using air with as great economy 
as possible if it is to be used at all. 

Economy of compression has reached a 
high degree of perfection, little can be 
done to improve this end of the system. 
Losses in transmission in a well designed 
system are very small. The only way 
left to increase the economy is at the point 
of use and this can be done most effect- 
ively with any kind of tool or motor by 
reheating the air if conditions permit. 

Methods of Reheating—The methods 
used or proposed for reheating com- 
pressed air may be classified as “ Ex- 
ternal” and “Internal” and again as 
“ Wet or ir) Dey” 

By external heating we mean _ trans- 
mission of heat from a source on one side 
of a metal wall to air on the other side. 
3y internal heating we mean the addition 
of heat within the air itself. 

Wet heating may be applied to cases in 
which the air comes into intimate contact 
and mixture with steam or hot water. 

Dry heating will designate those 
methods in which water or steam is not 
mixed with the air. These methods may 
be tabulated as follows: 

I.— External Heating. 

(a) Heat transmitted to the air from a fire or 
a current of hot gases through pipes or 
metal walls. 

(b) Heat transmitted to the air from hot water 
or steam through pipes or metal walls. 

I1.—Internal Heating. 

(c) Heat developed by combustion of fuel 
under pressure in the air itself or in a part 
of it. 

(d) Heat added by injecting a quantity of 
superheated air or products of combustion 
into the current of air. 

(e) Heat added by injecting steam into the 
current of air. 

f) Heat added by injecting hot water into 
the current of air. 

(g) Heat added by passing the air through a 
tank of superheated water. 

(h) Heat added by passing of an electric 
current through a resistance surrounded by 
the current of air. 

Of the above methods the following are 
dry heating (a), (b), (c), (d) and (h). 
The theory of these different methods of 
dry heating is practically identical; 
methods (a), (b) and (h) are exact 
equivalents as far as their results are con- 
cerned; methods (c) and (d) are modi- 
fied slightly by the change in chemical 
composition of the mixture of the air and 
gas due to the combustion. In the burning 
of carbon one volume of oxygen is burned 
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forming one volume of carbon dioxide, in 
burning hydrogen the product of combus- 
tion is steam and the volume may be 
slightly changed. The amount of hydro- 
gen in any fuel which would be used is 
so small as to make this fact of no signi- 
ficance from a practical standpoint. Hence 
we may consider all the five methods of 
dry reheating as identical from a thermo- 
dynamic standpoint. 

Theory of Dry Reheating—The com- 


./20 


“oo = 90 70 
so 90 


FIG. 


pression of air as ordinarily performed 
in an air compressor is nearly an adiabatic 
process. All of the work spent in com- 
pressing the air is transformed into sen- 
sible heat which raises the temperature of 
the air. A slight portion of this heat is 
abstracted by the cylinder walls, but ex- 
perience has shown that this effect is not 
large. We may consider the process as 
adiabatic without serious error. 

If now the air so compressed is admitted 
without loss of temperature to an ex- 
pansion cylinder without clearance and 
of the same size as the compression 
cylinder, it will trace a card identical with 
the compression card and the efficiency of 
transmission, disregarding other sources 
of loss, will be unity. In all actual cases, 


however, the air loses most of the heat of 
compression before being admitted to the 
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working cylinder. The specific heat being 
low it is impossible to transmit air to any 
considerable distance without having it 
reduced nearly to the temperature of the 
surroundings of the pipe which carries it. 

The work which will be done by air in 


}any kind of motor is directly proportional 
| to the volume of the air supplied, and this 


Sa 
120 450 (80 2/0 240 #70 200 330 360 


in turn is directly proportional to the 


‘ absolute temperature. 


For example, if air is received at 60 F. 





From /00 My 
‘$90 #20 #50480 S10 $90 TempF’ 


i. 


and this reheated to 4oo F. it will increase 
400-++- 460 
volume = 
60-+-460 
volume as received. This means that the 
same air will do 65 per cent. more work 
when reheated, or that the same work can 


in 1.652 times its 


be done for - = 60.5 per cent. as much 


I 
1.652 
heated air as would be required if the air 
were used cold. Another feature of this ap- 
parent advantage is that the actual gain 
is almost invariably greater than the the- 
oretical. This unusual fact is due to the 
better lubrication, freedom from freezing 
and consequent higher mechanical effi- 
ciency with heated air. In an extended 
trial of a 10 H. P. piston engine used as 
an air motor, in the Popp compressed air 
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system in Paris, Prof. A. B. W. Kennedy 
found that, with an increase of the ad- 
mission temperature from 83 F. to 315 F., 
the mechanical efficiency rose from 67 to 
Sr per cent. 

Reheating is generally intended to bring 
the air to about the same temperature at 
which it left the compressor. This tem- 
perature will depend upon the initial tem- 
perature of the free air used and upon 
the ratio of compression. The curve in 
Figure 1 shows the temperature of air 
compressed adiabatically from 14.7 pounds 
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pression as in the Frizell system used in 
the Taylor hydraulic compressor.* 

In these cases the heating of the air is 
not strictly speaking a “ reheating,” but it 
offers the same economy in the applica- 
tion of the air in connection with the 
additional saving in compression. 

It is a simple matter to compute the 
work efficiency of the fuel used in re- 
heating for a perfect case, that is, for a 
motor without clearance, and cutting off 
at such a point as to secure complete ex- 
pansion. It may also be computed for 
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assumes no abstraction of heat during 
compression, t. ¢. that the temperature 
Increases according to the law 


(2: 29 
7, = \P) 


It will be noted that the temperature of 
the air reaches 400 F. at about 70 pounds 
gauge pressure. 

It has been generally assumed that dry 
air for use in machinery should not ex- 
ceed 400 F. at admission. Hence for single 
stage compression and reheating before 
use, of air at 70 pounds pressure, we 
should obtain the same power in the 
motor as was expended in the compressor, 
neglecting all other sources of loss. 

It is possible, however, to compress air 
more economically in two or more stages 
with intermediate coolers or even in some 
special cases to secure isothermal com- 


> 


ance and ratio of expansion. Some typical 
cases are worked out in this manner 
below. It should always be remembered, 
however, that the ultimate basis of com- 
parison is the relative amount of power 
that will be produced by a pound of fuel 
at the heater, as compared with the power 
produced in compressed air by a pound of 
fuel burned under a boiler, in case the 
compressor is run by steam. For a com- 
pressor run by water or other power the 
cost per unit of power produced by the 
heater and of that produced by the prime 
mover are the items to be compared. It 
will usually be found that it is not essen- 
tial to know the exact thermal efficiency 
of the heat applied in reheating, since it is 
true that when conditions permit of re- 
heating it will pay to do it. 


* See W. O. Webber, A. S. M. E., May, 1901. 
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In the illustrative examples below, case 
I is an ideal case; case II corresponds to 
most pneumatic tools, rock drills, direct- 
acting pumps and other machines using 
air non-expansively; case III is approx- 
imately that of a slide-valve engine such 
as might be used for a hoisting engine; 
case IV is for a two-stage compressor 
and single-stage motor and case V is for 
a hydraulic compressor which gives iso- 
thermal compression, and a motor giving 
complete expansion in one stage. This 
last case is of course the most favorable 
and is not unattainable in practice. 

Figure II shows these various cycles, to- 
gether with some others. Of course, these 
cases are quite theoretical and to be re- 
duced to practice we must take into ac- 
count the various losses by friction, in- 
complete expansion, throttling, back press- 
ure, etc. It may be noted in this connec- 
tion that air, on account of its permanence 
of state and its poor heat-conducting 
properties, does not suffer the serious 
losses due to condensation and heat inter- 
changes as does steam. In fact with a 
motor designed to operate under known 
conditions, the indicated work bears a 
very high ratio to the computed; as high 
as go per cent. to 95 per cent. 

In all the cases considered we assume 
1 pound of air initially at 14.7 pounds abs., 
and 60 F., volume 13.3 cubic feet. 

Case I.—Adiabatic compression to 70 
pounds abs. Cooled in transmission to 
the initial temperature. Expanded com- 
pletely in motor without clearance. Re- 
heated before use to the temperature of 
compression. 

The work of compression is 


c P.\.29 
p=s.003 7. 7, ( =) —I | 


W=3.463 x 14.7 x 144 x 13.1 A an —t 


=54.890 ft. lbs. 

Temperature at end of compression ts 
Res os i _ 
a 

7T.=(60+ 460) x 1.572=819° abs. = 359° F. 
Air cools to 60° and is reheated to 359°. 
Rise of temperature is 359°—60°=299°. 
Heat required is 299 X .2375=7I 
B.T.U 


The work of expansion is the same as 
the work of compression. If the air had 
been used cold the work of expansion 


would be reduced in the same ratio as the 
absolute temperature of admission. 
20 : 
W, = 356 x 54,890=34, 800 ft. Ibs. 
Gain by reheating =54,890—34,800=20, 090. 
; 20,090 
Thermal efficiency of reheat=- = 
71x77 
= 36.5% =e 
Case II.—Same as case I, except that 
the air is used non-expansively in a cyl- 
inder having 10 per cent. clearance. 
Volume of the compressed air after cool- 


: 14.7 
ing =13.1 > =2.75 
r 7O 
Work if used cold, 
100 
Wi 9% 70% 144 * 2075147 & 144 X 2.75 


= 19, 360 ft. lbs. 
Work if reheated to compression tem- 
perature: 
, 8Ig 
W mond x 19, 360= 30, 450 ft. lbs. 
Gain by reheating 30,450—19, 360 
=II,0g0 ft. lbs. 


II,090 
71x 778 

Case III.—Same as case I, except that 
air is cut off at 45 per cent. stroke and 
expanded in a cylinder having Io per cent. 
clearance. 

Volume at C.0.= 45 + 10=55. 

Volume release = 100 + 10110. Ratio 
of expansion = 2. 

If used cold, V = 2.75 cubic feet at 70 
pounds. The work may be computed in 
three parts, viz.: work of admission 
li a} work of expansion= We, and nega- 
tive work during exhaust = lV’ ». 


20.05% 


NI 


W.: 45 x (2.75 x 70 x 144) 22,660 ft. lbs. 


55 
1.41 1.41 1.41 
po =C=P, % =70 x 144 x (2.75) 
= 42,000 
W. = | P. de. ok Fre | @ 
_.. 42,000 I an I . |: 16,680 ft. lbs. 
—.41 L(5.5)" = (2.75)"* 





Wi =14.7 x 144 x 5.5 = 11,640 ft. Ibs. 

W, =22,660+-16,680—11,640=27,700 ft. lbs. 
8 

If used hot, Wa? x 27,700=43,600 ft. lbs. 


Gain=43,600—27,700=15,900 ft. lbs. 
75,900 _28 8¢ 


= 
71778 





—$— . “ 
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CasE IV.—Two-stage compression to 
120 pounds absolute with intercooling to 
initial temperature. Reheat to tempera- 
ture which would have been produced by 
single-stage compression, to 120 pounds. 
Expand completely in single-stage motor. 

It may be shown that the work of com- 
pression is a minimum when an equal 
amount of work is done in each cylinder, 
and that this will occur if the ratio of 
compression (7) in the first stage is the 
square root of the total ratio (2). 

p—120 
14.7 
P= P,,=2:86:x 14.7=42 The. 


“/P, ..29 ‘ 
Wr. 3-463 Peo (5+) a |= 


3.463 x 2116 x 13.1 X .356=34,200 ft. lbs. 
Total work of compression=2 x 34,200=> 
64,400 ft. lbs. 


8.16 r=VY8.16=2.86 


ip ()” 1.366 T.=1 356 x 520° =705° 
7 3x = 1.399 X §2 : 
i Fe . 
at end of first and second stages. Sim- 
ilarly if compression were in one stage 
the temperature at end of compression 
would be 956° abs. = 496° F. 

Work of expansion if used hot: 
fa 


W=3.463 Po E Pp. : 


—1 |=8o 5oo0ft. lbs. 


If used cold: 


, 520 
W,=*_, x 80,500=43,700 ft. Ibs. 
956 ; 
Gain by reheating=36, 800 ft. lbs. 


36,800 7 
— = 45.6% 
103.8 x 778 





Casr V.—Isothermal compression to 120 
Ibs. abs. Expansion asin case IV. Work 


of compression | pdv+-p.rs—por, 
pv=c=2116 x 13.1=27,700. 
; “I Vo Ds 
lv =e dv. =e log.| — )=c loge ( ‘) 
Sn | D § a) B°\p 
58,050 ft. Ibs. 
W. =58,050 (120x144) » (13.1 


(2116 x 13.1) =58,050 ft. lbs. 
The work of expansion for both cold 
and heated air is the same as in case IV. 
36.800 
36. a 
e . =45.6% 
103.8 x 778 

It may be noted that for convenience 
the degree of reheat in all the above cases 


is considered to be that corresponding to 
the adiabatic compression of the air to the 
maximum pressure. The same efficiency 
would be obtained in each case for any 
other amount of heat added, as the work 
performed in any case is directly pro- 
portional to the absolute temperature. 

The above takes account only of the 
thermal efficiency of the heat actually put 
into the air. We may make a more prac- 
tical comparison by assuming an efficiency 
for the reheater and a coal consumption 
per air H. P. at the compressor. 

In the tabular comparison we _ have 
assumed four pounds of fuel of 14,000 
B.T.U. per pound to be required 
per air H. P., and show results for an 
ordinary external heater of 60 per cent. 
and an internal heater of 95 per cent. 
efficiency. 

Wet Heating—A complete theory of 
heating by methods (e), (f) and (g) 
might be developed, but it would be ex- 
ceedingly cumbersome in its application, 
and probably of little practical value. We 
shall consequently confine ourselves to a 
brief comparison of different ways of wet 
reheating. Method (e) is the one which 
is perhaps most desirable and which is in 
actual use in at least one large installa- 
tion, viz.: the compressed air transmission 





x. | BE. | Se RV. t OW 


1. Work of compression. 5489u 548¢0 54890 64400 58050 
2. Work expansion if 
Oe ee 


°o 


34°00 19360, 27700 48700 43700 


3. Work if reheated. 54890 30450 43600 80500 80500 
4. Gain by heating...... 20090 11090) 15900 36800 36800 
5. Heat units required 71; 71)  71,103.8 103 8 
6. Efficiency of reheat 86.5 20.05) 28.8) 45.6) 45.6 
7. Ratio 2) to(1). ..... -634| .353) .505) .680) .753 
8. Ratio (3) to(1).......] 1. -555) .795) 1.25) 1.39 
9. Ratio (4) to (1). .866| .202) .29 | .571| .684 
10. Ratio (3) to (2) . 1.57) 1.57) 1.57) 1.84) 1.84 


Efficiency of fuel used 
in heater as com- 
pared with that 
used in boiler— 

. With external heater.) 4 
‘ 


2.65; 3.80) 6 01) 6.01 
. With internal heater. 


1 81 
1 62| 4 18) 6.01) 9.52, 9.52 


<o = 


at Chapin Mines, Iron Mountain, Mich., 
where 2,000 H. P. in compressed air is 
transmitted 31% miles and utilized in en- 
gines for electrical generation, hoisting 
and general power purposes, and in pumps, 
rock drills, etc. They have steam avail- 
able at the mines, and their practice is to 
turn steam into the air line near where the 
air is used. The result is to reheat the 
air to a moderate extent and also by con- 
densation of the steam on the expansion 
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stroke, to prevent freezing in the exhaust. 
On mixing with the air, which is at atmos- 
pheric temperature, a quantity of steam 
is condensed sufficient to heat the air up 
to the temperature of the steam. This 
will not be the temperature correspond- 
ing to the steam before admission but 
that correspondihg to the part of the total 
pressure in the air line which is due to 
the steam. By increasing the amount of 
steam this temperature may run up to 200 
or 250 F. or even more, but the general 
practice is to use only enough steam to 
prevent freezing in the exhaust. After 
an equilibrium of temperature is reached, 
the mixture of air, steam and hot water 
passes into the cylinder and after cut off 
expands as usual except that the air tends 
to fall in temperature much more rapidly 
than the steam. This causes the steam to 
continue to condense thus giving up its 
latent heat and part of the heat of the 
liquid. The result of this is that the steam 
itself does less work than if expanding 
alone, and the air does more work by rea- 
son of its fall of pressure being retarded 
by the heat surrendered by the steam. 
The net result might easily be computed 
but may better be determined by experi- 
men’, and some tests with this object 
were conducted by the writers, and the re- 
sults will follow later. 

Mr. Edward A. Rix gives the following 
table of the amount of steam required to 
prevent freezing of air at complete ex- 
pansion at 212° F. 


. B. 3..U. Pounds of 
ee per Pound Steam oa 
. of Air. Pound of Air. 
7 ses ca teas aly dice) aved essences .051 
_ ee | ii 055 
Es ae sseces » aera .059 
MS Sanchssu swan ME cauvevsnnnee .0604 


Hot Water Reheating—Method (f) is 
similar to (e), but in this case a larger 
amount of moisture is required than for 
steam and the method would not be 
adapted to give any material degree of 
reheat more than enough to prevent freez- 
ing. 

Mekarski System of Reheating.—Method 
(g) proposed by Mekarski and used by 
him in compressed air street car service 
has some advantages for high-pressure air 
storage systems for self-propelled vehicles. 
The air is caused to bubble up through a 
tank of superheated water. This heats 
the air to the temperature of the water 
and also saturates it with steam, the 


amount of which depends upon the volume 


of the air and the temperature of the 
water. The difficulty with the arrange- 
ment is that the temperature of the water 
continuously decreases and it must be re- 
charged at intervals. The system, how- 
ever, proved quite successful for this class 
of work. 

Summing up the case for wet and dry 
reheating we may say that wet heating is 
a makeshift which is better than none, and 
which should be employed in cases when 
dry heating is not permissible. It does 
not, in any of the methods noted, give a 
high degree of reheat nor is all the - at 
supplied used to the best advantage. The 
best approximation is in the Mekarski 
system provided the water is kept suffi- 
ciently hot. A small amount of moisture 
in the air is no doubt beneficial to the 
machinery using it, as it would assist in 
lubrication and prevent to some extent the 
deterioration of the oil which is likely to 
occur with very hot dry air. Dry heating 
offers the highest thermal gains and may 
be carried as high as is desired by methods 
(a), (c), Gd) and (h). In method (b) 
the temperature is limited to that of steam 
at permissible pressures. As regards ex- 
ternal or internal methods of dry reheat- 
ing it may be said that the only thermal 
difference of importance is the efficiency 
with which the heat supplied is put into 
the air. With external heating we have 
of necessity a large flue loss, so that, of 
the heat contained in the fuel, not over 
50 per cent. to 60 per cent. may be ex- 
pected to appear in the air. With internal 
heating by methods (c), (d) and (h) the 
only necessary loss is radiation which may 
be reduced to a negligible quantity. The 
points which must be considered in deter- 
mining the desirability of internal and ex- 
ternal heating are: (1) Constructional 
features of the heaters. (2) Relative reg- 
ulation of temperature with varying de- 
mand for air. (3) Danger to the ma- 
chinery from excessive heat or dust. (4) 
Simplicity of operation and attendance re- 
quired. In order to consider these points 
intelligently a brief description is given of 
the leading types of heaters now in use. 
Combustion heaters of the external type 
are composed either of a series of pipes 
or coils or of cast-iron shells having a 
jacket space for the air to pass through 
co a fire pot for holding the combustible. 
Pipe heaters have not been successful ex- 
cept for very moderate temperatures or 
when the flow of air is uniform. The 
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condition is similar to that of a steam 
superheater, but worse, as air has less 
heat capacity than steam. In case the air 
is shut off for a short time the pipes be- 
come redhot and their life under these 
conditions is very short. Cast iron is the 
only metal which will stand the action of 
heat without rapid deterioration. The 
form of cast-iron heaters has been, as 
stated above, a shell or stove with an 
angular space for the air to pass through. 
In any such arrangement we have an 

















SERGEANT HEATER, FIG. 


outer wall and an inner wall, one of which 
1s exposed to relatively cold air and the 
other to a hot fire. The heater may be 
made in small sizes in one casting with 
the jacket space cored out. If these are 
carefully designed and not allowed to get 
too hot they will stand all right, but if 
these conditions are not met, they are 
quite likely to rack on account of the 
large temperature strain. For any except 
small sizes the heater must be made of an 
outer and an inner casting. Figure 3 


shows sectional views through the two 
leading makes of heaters of this class. 
The Sergeant heater has the two shells 
rigidly connected together by studs and 
the joints packed with asbestos gaskets. 
The design is such that as the inner cast- 
ing heats and expands, the joint (M) is 
forced more tightly together while the 
joint (L) tends to come open. In using a 
heater of this make at Sibley College the 
writers found, as had some previous ex- 
perimenters, that it was extremely diffi- 
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cult to keep the joint (L) tight when the 
heater was well warmed up. 

In the Rand heater this difficulty is met 
by providing an expansion joint with 
packing and a stuffing ring as shown. 
In this case the expansion strains are 
avoided at the expense of a rather clumsy 
arrangement and complicated castings, 
and there is still a joint which has a 
strong tendency to develop leakage. 

A number of internal reheaters have 
been proposed, although only one (the 
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Edison) has gone farther than the Patent 
Office. In the Park reheater illustrated 
in Figure 4 the inventor proposes to divide 
a current of air, passing a part of it 
through a coal fire on the grate 6 and by- 
passing the remainder through the pipe 
12. The cold air mixes with the products 
of combustion which come through the 
pipe 4 into the mixing chamber and the 
mixture passes out through 14 to the en- 
gine. The thermostatic tube 15 controls 
the double seat valve 13, which sends more 
or less of the air through the fire accord- 
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ing to whether the mixture is too cold or 
too hot. This provides a construction free 
from temperature stresses and also gives 
an automatic regulation to the tempera- 
ture. The fuel consumed and the heat de- 
veloped will be proportional to the air 
used. Thereby an important advantage 
over the external heaters is obtained, viz: 
the device is self-regulating. However, it 
needs little argument to show that the air 
from this heater would not be safe to use 
in any sort of cylinder and piston as the 
ash and dust from the solid fuel will be 





carried along in the air and rapidly cut 
out the machinery. Also there is a strong 
possibility of the regulation of tempera- 
ture being erratic and the heat becoming 
intense enough to do serious damage. 

In the Edison reheater an improvement 
on the Park is the addition of a jacket 
through which the main part of the air is 
lead and heated by radiation from the 
inner shell. This, however, brings the 
same difficulty from expansion as the ex- 
ternal heater. There is a joint exposed 
to the full pressure of the air and to the 
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action of high temperature. Edison does 
not use any thermostatic regulator be- 
cause the device is approximately self- 
regulating, as the flow of air through the 
fire will be proportional to the demand for 
air on the outlet. It is readily seen that 
the difficulty from ash and dust remains 
as with the Park heater, also that there is 
in this heater a possibility of excessive 
temperature at times. This heater has 
been quite extensively experimented with 
by the Ingersoll-Sergeant Drill Company. 
Their chief engineer, Mr. Prellwitz, states 
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that there is no difficulty in heating the 
air and that the heating is done with re- 
markably little fuel but that the air has 
not been safe to use on account of dust 
and ash. By fitting separators to the de- 
livery pipe the most of this can be depos- 
ited and some of these reheaters have 
already been put into commercial use. 
Different kinds of fuel, charcoal, coke, 
hard and soft coal have been used, all with 
the same result. 

Summing up the case for these various 
heaters we may state: (1) The construc- 
tional features of all external heaters are 
bad. (2) Regulation of temperature in 
external heaters is entirely lacking with 
a variable demand for air. (3) The inter- 
nal heaters described are dangerous to 
machinery on account of dirt in the air. 
(4) The external heater is slightly more 
convenient to operate as the fire is not 
under pressure. 

In the second section of this article a 
heater proposed and built by the writers 
in which the above defects are eliminated 
will be described. 

(To be continued.) 





Air Power in the Quarry.” 


Compressed air as a mode of applying 
power is no novelty. Certain of its ad- 
vantages have long been known and gen- 
erally acknowledged. | For instance, in 
mines and tunnels and in other confined 
places, where steam is prohibited by un- 
endurable steam pipes and _ stifling ex- 
haust, air under pressure has been almost 
unanimously accepted as the only agent 
meeting the arduous conditions of service. 
But even with these points of superiority, 
all its adherents know that these advan- 
tages are gained only at high expense. 
The rock drill has never been regarded as 
an efficient air engine; but it is known 
and loved for its tremendous faculty of 
“setting there.” The air-driven hoisting 
engine was considered merely a necessary 
evil; it was tolerated because it seemed to 
be the only means of accomplishing cer- 
tain ends, but it was disliked because of 
its voracious appetite for air. In cases 
where efficiency was less important than 
expediency, results alone counted. 

It must be confessed by the pneumatic 
engineer of those earlier days that the 


*By Mr. Lucius I. Wightman, in the Engineering 
and Mining Journal. 


charge of poor economy was not without 
foundation in fact. Be it further con- 
fessed that the average air-power plant 
will not weigh up well in the scale of 
efficiency, even in this era of economic 
refinement. In earlier times justifiable 
ignorance gave full explanation; but in 
the air plant of to-day nothing but the 
most inexcusable carelessness can account 
for low economy. Now, it is not fair to 
charge a system with defects which are 
due to poor engineering and bad manage- 
ment; it is the purpose of this paper to 
show that such charges, if not wholly un- 
founded, are at least unjustified as against 
the power system itself. Compressed air 
can be, and is being, used with a high 
degree of economy and widely diverse in 
fields. To-day its usefulness is not limited 
to localities where nothing else can be 
used; on the contrary, it is holding its 
own in fair and open competition with 
other powers. Indeed, there are certain 
avenues of activity in which compressed 
air should properly have no competitor 
whatever; one of the most important of 
these is the modern stone quarry. 

Time was when “ anything was good 
enough for the quarry,” as it had been for 
the mine. The main thing was to “get 
out the rock.” Cost-keeping method was 
crude and the market was easy, and profits 
came in spite of carelessness. But in this 
day of competition the secret of success 
in stone quarrying hinges on reducing the 
cost of production to the lowest limit. 
The successful quarry organization of to- 
day is a huge machine adapted to secure 
maximum output at minimum cost. 

Power is fundamental in every modern 
productive organism. Power costs often 
comprise a large factor of total productive 
costs. But more far-reaching in the 
method of production is the influence of 
a suitable power. This is true, whether 
the productive organism be a machine shop 
or a quarry. Increased production may 
be desirable, even though the method 
which secures it may not reduce the power 
charge. But if the adoption of a new 
power system should result in an increase 
in production, together with a lowering 
of cost, in the hands of the aggressive 
manager, it becomes a two-edged sword 
entering a hotly contested field. In the 
paragraphs following it will be shown that 
compressed air does accomplish this. But 
as mere statements of possible economy, 
unsupported by indubitable fact, may 
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awaken incredulity, I shall sketch briefly 
a conspicuous example of the central com- 
pressed-air quarry plant. 

The Gray Cafion Quarry of the Cleve- 
land Stone Company, at North Amherst, 
Ohio, is the largest sanastone quarry in 
the world. It is a chasm 165 feet deep and 
more than a mile in circumference—a 
“cafion,” indeed. It has been a stone pro- 
ducer for generations. Its output is wholly 
in dimension stone—a gray sandstone for 
building purposes and a fine-grained qual- 





advance over the old hand method, and 
the new system was hailed as the guardian 
spirit of the Gray Cafion. But the quarry 
grew, boundaries extended, depth in- 
creased. As conditions changed with 
growth, the shortcomings and the limita- 
tions of steam power became apparent. 
The small-boiler plants were expensive 
steam generators; their appetite for coal 
was unreasonable. The distribution of 
fuel to the scattered boilers added cartage 
to the cost per ton; much was lost in 





A 20 HORSE-POWER SLIDE-VALVE ENGINE, OPERATED BY COMPRESSED AIR, RUNNING THE 
MACHINE SHOP, 


ity for grindstone stock. The equipment 
provides not only for the quarrying, but 
also for the cutting of stone to finished 
size. 

For years the property was operated 
under the usual quarry method. Steam- 
driven mills, pumps and hoists were sup- 
plied from scattered boiler plants; chan- 
nelers and drills drew their steam from 4 
host of small portable boilers, and over all 
brooded the darkness of vapor and smoke. 
The introduction of steam marked a great 


transit, and in the continual moving of the 
portable plants. The result of these com- 
bined conditions was a fuel consumption, 
per pound of steam generated, that was 
startling. Added to this was the enormous 
steam consumption. It was impracticable, 
if not wholly impossible, to protect the 
steam lines, and pipe condensation was 
heavy. As the quarry grew and as pipe 
lines lengthened, this condensation in- 
creased in a still greater ratio; it was 
found that the major portion of the steam 
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generated never reached the engines. In- 
evitable results of this excessive cOnden- 
sation were a serious drop in pressure, and 
very wet steam; and these evils were 
exaggerated in engines which were not 
designed primarily for high economy. It 
was found that the machines, under the 
action of wet and sluggish steam, were 
doing only a fraction of the work ex- 
pected, All these conditions combined to 
produce an appalling steam consumption 
which was rendered still more discour- 


the demoralizing effect of the smoke and 
steam on the temper and efficiency of the 
quarry workmen. ‘These evils resulted in 
menacing the very existence of the Gray 
Canon. 

As a crisis seemed near, the manage- 
ment looked around for a remedy.. After 
scanning every possibility, they finally 
entrusted the problem to the engineers of 
the Ingersoll-Sergeant Drill Company. 
Compressed air was decided upon. A 
strong advantage of the use of air power 

















INTERIOR OF THE POWER HOUSE, SHOWING THE JET CONDENSERS AND AIR PUMPS. 


aging by the heavy fuel cost. To these 
measurable quantities were to be added 
certain less tangible losses, as the cost of 
labor applied in boiler attendance and re- 
pair, and in the maintenance of pipe lines; 
the draining and thawing of pipes in cold 
weather; the labor and time consumed in 
moving portable plants; the shortening of 
the working day by the murky cloud in the 
quarry; the loss of time in starting at 
morning and noon; and, most subtle of all, 


was that it could be applied effectively 
and cheaply to the quarry machinery al- 
ready in use with steam. The old steam 
plant at the Gray Cafion included thirty- 
one isolated boilers (aggregating 1,200 
boiler horse power), many miles of small 
steam pipe, and a multitude of mill and 
shop engines, hoisting engines, channeling 
machines, drills and pumps. It was de- 
sirable, if not absolutely essential, to retain 
in service as much as possible of the old 
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equipment. The plan contemplated a cen- 
tral air-compressing plant, a system of air- 
pipe distribution, and an application to 
machines already in use. 

The power plant installed is centrally 
located and represents the highest attain- 
ment in steam and pneumatic practice. No 
point has been neglected which would con- 
tribute to plant economy. Steam is gener- 
ated at 180 pounds pressure in four water- 
tube boilers, equipped with mechanical 
stokers and induced draft, and aggregating 











100 pounds pressure and steam at 165 
pounds, each unit indicates about 1,000 
horse power and has a piston displace- 
ment of 6,030 cubic feet of free air per 
minute. Compound steam-driven jet 
condensers handle the engine exhaust, 
drawing condensing water from an exten- 
sive system of cooling trays outside the 
power house. Reheating steam receivers, 
between high and low-pressure steam cyl- 
inders of the main units, receive also the 
exhaust from the condenser engines. Air 











VIEW OF THE GRAY CANON QUARRY AS IT LOOKS SINCE THE INSTALLATION OF THE CEN- 
TRAL COMPRESSED AIR POWER PLANT. 


a trifle over 1,000 boiler horse power. As 
originally installed, for the Gray Cafion 
alone, only three of these boilers were in 
place; the fourth was added when extra 
load came upon the system. Feed and cir- 
culating pumps—in fact, all auxiliaries— 
are of standard types. Two air-com- 
pressing units are installed; they are 
steam-driven cross-compound-condensing 
two-stage Corliss machines, with positive 
air-thrown air valves. At a rate of speed 
of 90 revolutions per minute, with air at 


cylinders are completely water-jacketed ; 
inter-coolers and after-cow'ers are intro- 
duced at proper stages. Tlie power plant 
in every detail is designed to secure mini- 
mum cost. 

From the main primary receiver just 
outside the power house a loop system of 
air-pipe distribution covers the entire 
workings of the Gray Cafion. Without 
going into detail, let it be said that this 
five-loop system secures great carrying ca- 
pacity at low cost, avoids any measurable 
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drop in pressure, gives the maximum dis- 
charge without drop on any branch, and 
permits the repair or alteration of any 
section without crippling or affecting the 
remainder of the system. It is a scheme 
of great flexibility. Frequent offsets prop- 
erly care for expansion and contraction; 
proper supports relieve the lines from 
sagging strains. Ample provision is made, 
by tees and valves, for the attachment of 
new branches as the active zone shifts 


1396 Sm 





plant was successfully operated for some 
months on cold air. But the possibilities 
of reheating were too alluring; now re- 
heaters, simple, inexpensive, and “ home- 
made,” are employed at mill engines, hoists 
and pumps. At present about 300 degrees 
Fahrenheit is the temperature used, but 
this is not believed to be the limit. On 
the old steam channelers the boiler has 
been retained; a small fire on its partly 
covered grate makes it a combined re- 





INTERIOR OF MILL NO. 2, SHOWING AN So HORSE-POWER ENGINE OPERATED BY COMPRESSED 
AIR AND DRIVING A FIVE-GANG SAWMILL. 


about. The work is so carefully laid out 
and adjusted that the loop system, as a 
whole, holds its working pressure for 12 
hours. 

As already stated, the plans called for 
the continued use, so far as possible, of the 
old appliances under the new system. The 
old machines were overhauled and con- 
nected; they took up the new burden 
without a murmur. At the outset, re- 
heating was not contemplated, and the 


ceiver and reheater; the cost of coke for 
reheating is a mere bagatelle. 

The bane of compressed air in expand- 
ing engines has been the freezing at ex- 
haust ports. At the Gray Cafion plant this 
trouble was anticipated and provided for. 
A large part of the entrained moisture is 
condensed and collected in the inter-cool- 
ers and after-coolers; another portion 
finds lodgment in the primary receiver. 
From this point the lines grade to second- 
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ary receivers, where the condensation of 
the entire line is collected and removed 
through cocks. So perfect is this system 
for removing moisture that the plant was 
operated for weeks in freezing weather 
without reheaters and with no freezing 
whatever. 

The success of the compressed-air plant 
at the Gray Cafion was so remarkable that 
two neighboring quarries became _inter- 
ested. Their investigations led to an ex- 
tension of the air system to the Malone 
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lent capacity. At the Malone and Mussey 
quarries the air power displaced boilers 
aggregating 600 boiler horse power, and is 
applied, as at the Gray Cafion, in mill en- 
gines, hoists, channelers, drills and pumps. 
It will be noted that the present equipment 
of four boilers, aggregating 1,028 boiler 
horse power, has replaced 49 isolated 
boilers, with a combined capacity of 1,800 
boiler horse power. 

The Gray Cafion plant has been chiefly 
sketched as an example of compressed-air 
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and Mussey quarries, distant, respectively, 
about 2,000 and 2,200 feet from the power 
plant. The only addition necessary at the 
power house was the fourth boiler, al- 
ready noted, and a second primary receiver 
from which the new pipe line leads. A 
novelty was introduced, however, in this 
new main line and its two branches; in- 
stead of standard pipe, steel casing with 
Hammon joints was used; the cost of the 
line thus laid was found to be about two- 
thirds of that of a line of pipe of equiva- 
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power applied to quarry work. It remains 
to consider the results it has accomplished. 

The equipment of the Gray Cafion has 
been already described. Its success has 
been phenomenal. The pneumatic engi- 
neer may paint a glowing picture, but it 
is fact and practice which the quarryman 


wants. The engineers of the Cleveland 
Stone Company have kindly furnished 
figures. The table, given herewith, shows 


the comparative operating costs, averaged 
per month under the old and the new 
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forms of power; it shows the number of 
machines of each kind used, “ before and 
after’; it emphasizes the superior effect- 
iveness of these machines under the influ- 
ence of compressed air. No attendance 
is charged against the central station, for 
the same gang now employed was _for- 
merly used in Mill No. 1, which is not 
listed under the old system. 

The figures relating to the Gray Cafion 
are as found on the records of that prop- 
erty; the Malone and Mussey figures are 
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production on an ever-increasing scale. 
The Gray Cafion plant is simply a pioneer 
of the quarry plants of the future—it has 
blazed the path along which development 
must follow. Compressed air is the hope 
of the quarryman; in its intelligent ap- 
plication lies the solution of many of his 
problems. 

The basic principles of power-plant 
design are the same whether the power 
of the prime mover is to be converted 
into that of compressed air or of elec- 


furnished by the courteous management tricity; these principles are too well 
of those quarries. A striking, and a very known to need amplification here. The 
significant fact, which does not appear air compressor must be the basis of an 
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in the table, is this: the output of all these 
quarries under the new system is largely 
increased over that under the old scheme, 
even in the face of these reduced charges. 

The conditions which faced the owners 
of the Gray Cafion, Malone and Mussey 
quarries and which led to the installa- 
tion of the plant just described, are the 
conditions which, sooner or later, will 
confront the quarry interests of every 
stone-producing section. Year by year 
competition grows keener. Operative con- 
ditions become more severe as workings 
widen and deepen. The demand is for 


air-power system. The steam-driven com- 
pressor is a sturdy, reliable and efficient 
machine; its efficiency is equal to that 
of a high-grade steam engine; in fact, 
the machine itself is simply a high-grade 
steam engine, coupled to a high-grade 
compressor by a method which reduces 
transmission losses to a minimum. Cor- 
liss or adjustable cut-off steam ends will 
give Corliss or adjustable cut-off econ- 
omy. Properly designed air cylinders give 
a remarkable compression efficiency. The 
best compressor builders of to-day guar- 
antee a mechanical efficiency of from 88 
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to 92 per cent. in their large-machines, a 
record comparable with that of the best 
electrical engine units. High-grade boilers 
assure economy of steam generation. The 
true measure of plant efficiency is the fuel 
consumption per unit of power produced; 
in electrical plants, per kilowatt hour at 
the switchboard; in air plants, per 1,000 
cubic feet of air per hour at a given press- 
ure at the primary receiver. It is re- 
gretted that, along with the other data in 
the table, the total volume of air com- 
pressed in the period covered was not 
given; the pressure was 85 pounds; the 
piston displacement of the compressors, as 
indicated by the revolution counters, was 
not supplied. It is, of course, understood 
that the fuel consumption listed covers the 
entire plant with all auxiliaries. It may 
be further noted at this point that this 
fuel includes that required to furnish 
steam for a 175-horse-power compound 
engine running Mill No. 1, and connected 
to the boilers of the power house adjacent 
to the mill. The Gray Cafion plant is 
blessed with cheap coal. The table shows 
that the new boilers permitted the use of 
a cheaper grade of coal than the old. 


The possibilities of water power as ap- 
plied to quarry work are best developed 
along lines similar to those just described, 
by application in a central air-compressing 
plant. If the water power is close at 
hand, or within a distance of one to five 
miles, depending largely upon the nature 
of the intervening country, waterwheel- 
driven compressors, direct connected or 
driven by other approved methods, will 
secure the highest economy of compres- 
sion. Transmission and distribution of 
the air power must follow the lines of 
accepted practice, largely as outlined in 
the Gray Cafion plant. If the water 
power is far distant from the quarry, 
whether several scattered powers are to 
be made use of at one point, or whether 
one large power is to be applied in sev- 
eral locations, electric generators and elec- 
tric transmission will deliver the power. 
At the quarry, motor-driven compressors 
will convert electric power to compressed 
air, which will be properly distributed and 
applied in standard pneumatic quarry 
machines, with reheaters as the last re- 
finement of economy. 

In the electrically-driven air-compressing 
plant at the quarry, one or two large units 
will give place to a number of smaller 
compressing sets; for the quarry load is a 


varying load—often widely varying. If 
the electric motors are alternating- current 
machines (as they will be in the majority 
of cases), the compressor unit will be 
essentially constant in speed. Therefore 
varying load cannot be handled by vary- 
ing speeds; hence other schemes, such as 
air unloaders and controllers, must be 
used to proportion the effective piston dis- 
placement to the load. These devices, 
however, do not economically provide for 
load variations exceeding, say, 20 per cent. 
of normal. Greater variation than this 
must be provided for by the subdivided 
unit system and by automatic relay unit 
control. But the problems of electrical air 
compression are distinct, and will not be 
discussed here. It is enough to say that 
the electrical compressor is a success— 
an established fact—and is sure to be a 
powerful factor in the future of the 
quarry. 


The distribution of compressed air in 
quarries is so well understood that there 
need be no appreciable loss in transmis- 
sion. The loop system, successfully ap- 
plied at the Gray Cajfion, is a solution of 
the problem of combining maximum flex- 
ibility and carrying capacity, with mini- 
mum cost and loss of power. Every tee 
should be protected by a valve in each 
branch. Gate valves are better than globe 
valves, and rising-stem types show at a 
glance whether the valve is closed or 
open. All lines should be securely 
anchored, correctly supported, and guard- 
ed against strains in expansion and con- 
traction. For this last purpose, offsets 
are better and cheaper than slip joints. 
The importance of proper grading of the 
lines, and the value of moisture traps in 
removing entrained moisture, have already 
been emphasized. Every receiver aids in 
this drying process; in fact, it is almost 
impossible to have too much receiver 
capacity in a system. It has been seen 
how advantageously old boilers can be 
worked into a distribution scheme. It 
would seem impossible to avoid leakage 
in a pipe system; yet the Gray Cafion 
plant, with its miles of pipe and its count- 
less valves, joints and fittings, retains full 
air pressure over night. Seeming impos- 
sibilities have been overcome by careful 
workmanship and watchful attention. 

The heat generated in the compression 
of air represents an equivalent amount of 
work lost. Reheating the compressed air 


before it is used in the engine permits the 
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recovery of this work at small expense; 
it furthermore gives the advantages of 
expansive working in the cylinders. It 
has been conclusively shown that efficient 
reheating will give a net gain of power 
as high as 30 per cent. This is equivalent 
in effect to a 23 per cent. reduction in 
boiler and compressor capacity, for a 
given output, and a corresponding de- 
crease in the fuel bill. Of course there is 
a point at which the cost of reheating fuel 
offsets the advantage gained by reheating; 
this point is conditioned by too many 
factors to be discussed here. It is shown, 
by the table, how insignificant is the cost 
of reheating; the reheaters used are 
simple structures of pipe and brick, made 
on the ground. The limit to which re- 
heating may be carried is fixed by the 
lubricant used in the engine cylinders. 
Even with air at 600 degrees Fahrenheit, 
so short a cut-off and so great an expan- 
sion are permitted that the mean cylinder 
temperature is maintained well below the 
charring and flashing points of high-grade 
oils. The problem of reheating air has 
not received its due measure of attention. 
In the judicious application of heat to the 
air used lies an important feature of 
quarry economics. 

I have stated that the old steam ma- 
chines were retained under the new sys- 
tem; they were simply put in good condi- 
tion and were found ready for work. On 
cut-off engines the cut-off was retained, in 
some cases actually shortened, thanks to 
the use of reheaters; on non-expansive 
engines heating has been applied simply to 
secure a greater air economy. Pressure 
is automatically maintained under varying 
load by a cut-off governor on the steam 
valves. 

An examination of the table shows that 
with air as a power, the number of active 
machines was reduced from that of the 
old system, yet the output of the quarry 
has been increased since the new plant was 
installed. This apparent paradox is due 
principally to the increased constant 
pressure and the increased “activity” of 
the air. Under the old scheme, pipe con- 
densation gave not only a reduced press- 
ure, but also wet steam, and consequently 
sluggish machines. Under the present 
system full receiver pressure is available 
on the piston of every machine, while re- 
heating only adds_ efficiency. Where 


formerly 40, 50, 60 pounds of steam press- 


ure were used, depending upon the length 
of pipe line and the tireman’s convenience, 
to-day standard air pressure of 85 pounds 
is everywhere instantly available at the 
turn of a valve. The word “ instantly” 
is deserving of special notice; with the 
former system, the machine runners often 
had to wait for steam; pipe lines had to 
be drained or thawed in winter. 

The labor force has been reduced, not 
only in the number of attendants at boilers 
amd machines put out of commission, but 
also in the number of general laborers 
formerly retained for the repair and up- 
keep of the steam plant. Added to this 
saving is an intangible but a very real 
gain arising from the pleasanter quarry 
conditions. There is no steam and smoke 
settling in the “hole,” darkening day into 
twilight, making more stifling and unbear- 
able the heat of summer, and wetting the 
clothing and chilling body and spirit in 
winter. There is, as it were, a spiritual 
uplift to the small army of laborers. Bet- 
ter men are attracted; old men are glad 
to remain. The working season knows no 
weather limitation; the quarries are oper- 
ated the year round. The quality of the 
rock product is improved, for there is now 
no smoke to discolor the rock faces, no 
coal and ash scattered about to stain the 
rock surface under rain and snow. There 
has thus been added to the organization of 
these three quarries a great flexibility, an 
overload capacity, which will be of in- 
calculable value at times of sudden heavy 
demands, as when a huge contract is se- 
cured on early delivery. The success of 
the Gray Cafion power system has re- 
moved the compressed-air quarry plant 
from the limbo of experiment and placed 
it in the field of established fact. 





Study of a Riedler Air Compressor. 


The accompanying diagrams illustrate 
the Riedler Air Compressor and its dis- 
charge valves as described in the paper 
“ Study of a Riedler Air Compressor,” by 
Arthur P. Hall, which appeared in the 
last number of CoMpressep Arr. Figure 
1 shows the general type of the machine 
and Figure 2 the discharge valve. The 
reader is referred to the July issue for 
further information. 
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The Dangers and Difficulties of Tunnel 
Boring. 


The joining of one of the twin passages 
of the 12%4-mile Simplon tunnel on Feb- 
ruary 24 last, brought to an end most of 
the difficulties the engineers of that great 
enterprise had to surmount, and made the 
completion of the work fairly easy. 
Never before in the history of land tun- 
neling have such formidable obstacles 
been met and successfully overcome. Not 
only was there trouble from cracking and 
crumbling of the masonry walls by the 
great pressures they sustained, but also 
formidable springs of hot water were en- 
countered, which made the temperature 
unbearable and flooded the workings. 
These hot springs made the boring of this 
celebrated tunnel through the Simplon 
range almost as difficult and dangerous 
a piece of work as is the boring of the 
North River and East River tunnels in 
New York City. Attention was called to 
this latter work, and the difficulties which 
attend it by an accident which happened 
in the northernmost tunnel under the East 
River on March 27. This tunnel is being 
driven from the Brooklyn side of the 
river. It starts just west of Clinton 
street, and has reached a point in the river 
1,400 feet away, or about 20 feet beyond 
the stringpiece at the foot of Joralemon 
street and between Piers 17 and 18. It is 
being driven by a tunneling shield similar 
to that used in 1868 by the late editor of 
this journal, Mr. Alfred E. Beach, in con- 
structing an experimental tunnel under 
Broadway. While this shield (with 
which our readers are doubtless familiar, 
as we have described it at various times) 
operates very well in solid earth, it having 
been used not only for land tunnels, but 
also for tunnels under water in various 
places, when it is used near the river bed 
in soft sand, such as is found in the East 
River, there are liable to be “ blowouts,” 
as they are termed, and these are exceed- 
ingly dangerous. As the shield is forced 
forward through the sand, the latter is 
kept from oozing in by means of com- 
pressed air. If it were possible to carry 


on the work with the air pressure at the 
point where it is equal to the pressure of 
mud and water at the top of the shield, 
there would be no difficulty; but as the 
bottom of the shield is nearly 20 feet be- 
low its top, a greater pressure than is 
needed at the top has to be employed in 
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order to keep out the sand at the bottom. 
The result is that if the sand is not very 
firm or thick, the excessive air pressure at 
the top of the shield is liable to make an 
opening through the river bed and blow 
out, whereupon, if the air pressure is not 
maintained, water will flow in. It was 
just such an occurrence as this that cost 
the lives of twenty men in 1880, during 
the first attempt at driving a_ tunnel 
under the North River, although at this 
time work was being carried on without 
a shield, and great risks were taken. The 
men doing the work in the East River 
tunnel knew that the river bed was 
treacherous, and they were provided with 
sandbags with which to stop up any small 
leak that might start, before it should 
have a chance to enlarge. In the accident 
mentioned, a workman in the upper part 
of the shield discovered a leak, and called 
to his mates below to hand up a sandbag. 
They did this, and he was about to stop 
up the leak when a large hole was blown 
through the river bed, and the rapidly 
escaping air forced the workman up 
through it and the water above and pro- 
jected him, in a column of water, a few 
feet above the surface. He was rescued 
by men on the pier, and, save for a wet- 
ting, was unhurt. The other men in the 
shield managed to make their escape and 
shut the doors behind them. One of these 
men became wedged while making his es- 
cape, and it took half an hour to dislodge 
him. The air pressure meanwhile was 
kept at the point to which it fell as a re- 
sult of the blowout. This was only a few 
pounds lower than the pressure that had 
been maintained. 

In order to resume work, it was neces- 
sary to stop up the hole in the river bed. 
This was done by sinking a large sheet of 
canvas and loading it with bags of sand. 
The water was then pumped out of the 
shield, and work was begun once more. 
The river bed above the shield is only 
8 or 9 feet thick where the accident oc- 
curred, and there is about 19 feet of water. 

The air pressure in excess of atmos 
pheric used to hold up this weight of 
water and sand was only just sufficient to 
balance the pressure of the water and 
sand at the bottom of the shield, and it 
caused a few pounds per square inch more 
pressure than was needed at the top. A 
bowlder was encountered and blasted a 
short time before the leak was discovered, 
and it is probable that the blast so 
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loosened the sand that when the air once 
started to escape it easily broke through 
a large passage for itself, and kept escap- 
ing until the air and water pressures be- 
came equalized. This accident is an ex- 
ample of what may happen when boring 
a tunnel under a river and near the sur- 
face of the river bed. In constructing the 
North River tunnel it was necessary to 
thicken the river bed on the line of the 
tunnel, in order to prevent blowouts. In 
the present instance these have been 
avoided only by the greatest vigilance. 

The system of constructing a_ tunnel 
from the surface by putting together the 
upper half, sinking it, placing it on piles, 
and then constructing the bottom half on 
a concrete foundation beneath—a system 
which was employed in the subway tunnel 
beneath the Harlem River successfully, 
and which we described in our July 2, 
1904, issue—does away with the dangers 
we have mentioned, and is also more ex- 
peditious. We understand it is to be em- 
ployed in constructing a tunnel across the 
North River at 42d street in the near 
future. —Scienttfic American. 


Pressure-Retaining Device for Air Brakes. 





A press dispatch describes an interest- 
ing air brake invention made by Mr. 
James W. Brown, of Minneapolis, Minn., 
in the shape of a pressure-retaining de- 


vice which is under the direct con- 
trol of the engineer. The ordinary 
pressure-retaining device now in use is 


operated by the brakemen from the top of 
the cars and is subject to the neglect and 
carelessness of a class of employees that 
has, too often, little interest in the 
efficient handling of trains. On mountain 
roads and other roads having long grades 
the handling of trains, with the ordinary 
air brake equipment, is a matter of much 
risk, and runaway trains are not an in- 
frequent occurrence. It is realized that all 
the factors that contribute to the control 
of the train should be under the imme- 
diate control of the engineer and that the 
responsibility should not be divided. With 
the ordinary pressure-retaining device the 
exhaust pipe leading from the triple valve 
may be closed by a three-way cock, so that 
the exhaust must escape by a_ weight- 
loaded valve, which gives a back-pressure 
of about 15 pounds per square inch. In 
this way a constant pressure of 15 pounds 
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per square inch may be retained in the 
brake cylinders while the train pipe and 
auxiliary reservoirs are being recharged. 
Without this device a train is without 
control during the recharging period, and 
it is during this critical time that so many 
trains get beyond control. 


The Brown semi-automatic retainer is 
a valve placed close to the triple valve 
and connected to the train pipe and the 
triple exhaust pipe. The valve closing 
the triple valve exhaust is connected to 
a piston communicating with the train 
pipe, but the piston is restrained from 
closing the exhaust port by a spring, 
which exerts the equivalent of 85 pounds 
per square inch, so that the standard 
train pipe pressure of 70 pounds cannot 
open it, consequently the retainer is 
ordinarily out of service and the brakes 
can be released as quickly as if there were 
no retainers on the train. If the engi- 
neer wishes to use the retainers he places 
the brake valve in full release position 
and charges the train pipe to 90 pounds. 
This pressure opens a valve and allows 
the air to enter the retainer cylinder, 
forcing the piston back, closing the ex- 
haust port and establishing direct com- 
munication between the retainer cylinder 
and the train pipe through a passage. The 
pressure in the train pipe must now be 
reduced below 30 pounds before the 
spring can move the piston to normal 
position and open the exhaust. Now, 
with the brakes applied, there is still 50 
pounds in the train pipe, or 20 pounds 
more than is needed to hold the retainers 
in the service position, so that there is no 
danger of their releasing. As soon as the 
brakes are set the brake valve is placed 
in running position and the train pipe re- 
charged. The triples will move to release 
position, but the retainer will hold the air 
in the brake cylinder. When it becomes 
necessary to reset the brakes, a reduction 
of 5 to 10 pounds will give full braking 
pressure, owing to the air already in the 
brake cylinder. After the last application, 
near the bottom of the hill, the brake 
valve is placed on lap, and when the bot- 
tom is reached, the train pipe pressure is 
reduced below 30 pounds, when the spring 
will force the piston forward, closing the 
passage to the train pipe and opening the 
exhaust. Now, when the train pipe is 
recharged, the triples move to release and 
the air from the brake cylinder is free 
to pass through the retainer to the at- 
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mosphere. The retainers are now out of 
service and will remain so until the 
pressure in the train pipe is raised high 
enough to open the valve controlling the 
passage of air from the train pipe to the 
retainer cylinder—that is, 85 pounds.— 
Railway Machinery. 








The Electrical Compressor Plant of the 
Chicago & Northwestern Railway 
Terminal, Chicago, Ill. 


The air power plant at the Terminal 
Station of the Chicago and Northwestern 
Railway in Chicago is a fine example of 
the best modern practice in the application 
of electric power to the compression of 
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ducing it to the working voltage. Part of 
it is used directly on low-voltage alternat- 
ing circuits. The remainder is passed 
through rotary converters or motor gen- 
erators and delivered as direct current 
for power purposes. 

The air compressor plant is made up of 
two Ingersoll-Sergeant standard power- 
driven compressors, of the type designated 
by the makers as Class “JC”. They are 
duplex two-stage machines, with air 
cylinders, frames, and bearings, mounted 
on a_ solid cast-iron. bed-plate which 
encloses the horizontal intercooler between 
the cylinders. Both high and low pressure 
cylinders are fitted with the standard 
Ingersoll-Sergeant piston inlet valve and 
regulation is secured by the marker’s 
standard low 


choking controller on the 
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air for the many purposes so character- 
istic of railway yard work. 

The plant is located in a small brick 
building in the rear of the main Terminal 
Station, close to the river and adjacent to 
the extensive passenger yards of the com- 


pany. This building comprises two 
rooms, in one of which are the steam 
boilers for the heating system of the 
station. In the other section is located the 


electrical and pneumatic apparatus. 
Alternating current is taken from the 

city mains of the Chicago Edison Com- 

pany and passed through transformers re- 
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” 


CLASS “ J« AIR COMPRESSOR. 


pressure intake. This device, acting to 
throttle the air intake passage, is con- 
trolled by receiver pressure and automat- 
ically regulates the volume of air com- 
pressed and consequently the amount of 
power consumed—to the demand for air 
from the power system. The compressors 
run at constant speed, the controller 
simply varying the effective piston dis- 
placement with varying load. The 
machines have a stroke of 12 inches, with 
air cylinders 12% and 18% inches in 
diameter. At their speed of 130 revolu- 
tions per minute the free air capacity of 
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each unit is 455 cubic feet per minute. 
The pressure used in this plant is 70 to 
8o pounds gauge. 

The sub-base is extended in each com- 
pressor to support the driving motors, 
which are General Electric direct-current 
nachines, rated at 80 horse power and 
510 revolutions per minute, on 220 volts. 
A pinion on the motor shaft gears directly 
with the teeth on the compressor flywheel, 
which is of standard weight for machines 
of this capacity. The gears are protected 
by proper guards. The units run with a 
remarkable freedom from vibration and 
noise. 


house, made up of a large upper and 
lower horizontal header, connected by a 
number of small vertical pipes. This ar- 
rangement freely exposed to the air, pre- 
cipitates whatever moisture may remain 
in the air after leaving the primary 
receiver; and this water is withdrawn 
from the lower header. From this cooler, 
air lines radiate throughout the yard, 
supplying power to the pneumatic switch 
and signal system controlling the move- 
ment of trains in the terminal track 
system. Secondary air receivers are also 
located at suitable places. The air is 
used almost entirely in this system of 








INTERIOR OF POWER HOUSE AT THE TERMINAL STATION OF THE CHICAGO AND 
NORTHWESTERN RAILWAY. 


Independent concrete foundations are 
used. Each unit has its own automatic 
oiling system on all bearings, fed from a 
central tank. The drip is recovered and 
filtered. Sight-feed oilers care for cylin- 
der lubrications. The illustration shows 
the arrangement of the air plant. The 
machines are side by side, the switch- 
board, rheostats, meters, etc., mounted in 
front of and between them. An intake 
duct, supplying both compressors, leads 
under the floor to the open air and rises 
beside the power house, terminating in a 
screen cover for the exclusion of dust and 
cinders from the yards. 

The discharge pipes from the two unite 
in an air main leading to the primary 
receiver outside the plant. Provision is 
made for draining this receiver. From 
this point, the line leads to a system of 
cooling tubes to the west of the power 


switches and signals. But a small portion 
is diverted to the boiler room, where it is 
applied in a small air lift pumping outfit 
which supplies water to the terminal. The 
engineers in charge report an excellent 
performance of this equipment, which has 
been in severe and continuous service for 
several years. 





Project for Tunneling under the East 
River, New York. 


The method of tunneling that was em- 
ployed in building the easterly half of the 
Harlem River tunnel of the New York 
Rapid Transit Subway forms the basis of 
a plan that has been submitted to the 
Rapid Transit Commission of New York 
City by Mr. D. D. McBean for the pro- 
posed roadway or combined street car and 
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roadway tunnels under the North and 
East Rivers. The construction of the 
easterly half of the Harlem River tunnel 
was described in The Engineering Record, 
May 14, 1904, and the successful manner 
in which Mr. McBean carried it out indi- 
cates that the same method can be applied 
in building larger tunnels and in deeper 
water than was encountered in that work. 
Practically -all of the operations on that 
work which offered obstructions to navi- 
gation and many of the accurate details 
requiring intricate work have been over- 
come in the present plans. 

The outline of the plan is to build a 
tunnel having two 30-foot roadways, with 
an arched roof of cross-braced built-up 
steel plate girders imbedded in concrete, 
with a continuous cover of sheet-steel 
plates riveted to the girders, waterproofed 
and protected by concrete. The girders in 
the roof arch are supported at the middle 
on a longitudinal row of columns and at 
the ends on bearing plates in the mono- 
lithic concrete sidewalls. The floor is 
also of monolithic concrete, laid on a pile 
foundation in soft material. 

The site of the tunnel is to be dredged 
to a few feet below the level of the spring- 
ing line of the arch, piles driven in rows 
over the site, sawed off near the bottom 
of the excavation and capped. The roof 
of the tunnel is to be built in convenient 
lengths of 100 feet or more, in floating 
open-topped boxes, or caissons, a tempo- 
rary wooden floor laid on the bottom of 
the arch, and the ends of the section 
closed with sheet-steel diaphragms. As 
each section is completed the caisson will 
be scuttled and one end of it removed, 
so it may be pulled from beneath the float- 
ing section of the tunnel arch. The sec- 
tion will then be floated over its site, 
weichted and lowered into place by tackles 
on scows in a manner similar to that fol- 
lowed in lowering and placing the sections 
cf the Harlem River tunnel. 

When each section is in position heavy 
sheeting, placed getween guides attached 
temporarily to each section and lowered 
with it, will be driven longitudinally along 
both sides. The sheeting will be driven 
with followers and held in place by bolt- 
ing a vertical steel plate, fixed longi- 
tudinally to the sheet-steel air-tight arch 
cover near the springing line on each side, 
through the sheetings to heavy outside 
longitudinal timber guide walings. The 
adjoining arch sections will be connected 
by bolting together outside flanges fixed 


to the continuous sheet-steel arch cover 
and the joint covered with concrete. The 
excavation outside the sheeting will then 
be back-filled to the top of the roof of the 
tunnel. When the sections have been con- 
nected the remaining material under the 
arch will be excavated to sub-grade by 
men working under air pressure in the 
chamber formed by the arch and the sheet- 
ing driven at the sides, the concrete side- 
walls and floor being built as this excava- 
tion progresses. 

The feasibility of constructing a tunnel 
in this manner was demonstrated under 
adverse conditions in building the Har- 
lem River tunnel. The depth of water 
over the site of the proposed East River 
tunnels is as great as 70 feet in places, 
with the river bottom varying from soft 
mud to solid rock, and the chief difficulty 
in employing the methods contemplated 
in the proposed plans in this depth of 
water will doubtless be encountered in 
driving piles to temporarily support the 
sections of the tunnel arch. Mr. McBean 
states, however, that he has successfully 
driven square timber piles with special 
guides and followers in as great depths as 
will be encountered on any of the proposed 
work. 

The depths at which tunnels have to be 
driven to procure head room sufficient to 
insure safety from blowouts in soft mud 
can be reduced by this method to the re- 
quired harbor depth, as the extrados of 
the tunnel arch at the crown may be placed 
at any depth desired. The length of the 
tunnel approaches could be much reduced 
by thus raising the tunnel grades, and in 
the proposed plan the roadway portion of 
the tunnel is to be terminated at the bulk- 
head lines and the teams hoisted to the 
surface with elevators. The car tracks 
may then be extended in a smaller tunnel 
under the streets to connect with the sub- 
ways and open roadway approaches en- 
tirely avoided—Engineering Record. 





Notes. 


F. L. Sayer has succeeded Geo. H. Gib- 
son as head of the Department of Pub- 
licity of the International Steam Pump 
Company. 


The Engineer (English) for June 3 and 
9 contained an article on the “ Production 
of Very Low Temperatures by the Com- 
pression of Air and Hydrogen.” 
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The Norwich Compressed Air Power 
Company has taken over the business at 
Norwich, Conn., of the Continental Air 
Power Company, and will conduct it in 
the future. 


The Hinds Air Compressor Company, 
of Cripple Creek, Col., has been incorpo- 
rated with a capital of $50,000. The in- 
corporators are Myrtle Hinds, Miss M. J. 
Watson and Jas. Smith, all of Cripple 
Creek. 


Owing to unforeseen difficulties which 
have appeared in the completion of the 
Simplon Tunnel, the formal opening of 
that tunnel will not be held in October, 
but is likely to be postponed until some 
time next year. 





Members of the Pneumatic Tube Com- 
mission, appointed by the Post Office De- 
partment, have been visiting Chicago and 
inspecting the pneumatic tube service in 
that city. Their inspection is made with 
a view of extending the present service. 

Readell & Co., Ltd., al Ipswich, Eng., 
has placed a new line of air compressors 
on the market. A special feature of the 
machines is that they are arranged for 
direct communication to electric motors 
without the intervention of any gearing, 
yet maintaining only two bearings in the 
complete machine. 

The Boston E lev: ated Railway has now 
completed the equipment of all its cars 
with a compressed air device for opening 
and closing the side doors of the cars by 
the train man. This makes it possible to 
use the side doors on all trains and at all 
hours. It is expected that this will greatly 
improve the service. 


To render a compressed air plant effic- 
ient, the pipes and receivers must be of 
liberal size and inspected frequently in 
search of leaks, which, when occurring, 
must be stopped. Flange joints for at 
least every other section of pipe are ad- 
visable in air and water pipe lines.—Min- 
ing and Scientific Press. 


Air does not become liquid by reason of 
pressure, no matter how great, until the 
critical temperature is reached. The com- 
pression of air always generates heat, but 
heat passes away by radiation. It is stated 


that air may be compressed as a gas until 
it is more dense than it is in the liquid 
state—Mining and Scientific Press. 


The Ingersoll-Rand Company has taken 
possession of its new offices on the four- 
teenth floor of the Bowling Green Build- 
ing, No. 11 Broadway, New York. The 
offices of the Ingersoll-Sergeant Drill 
Company, at No. 26 Cortlandt street, and 
the Rand Drill Company, at No. 128 
Broadway, were given up August I, and 
the united forces moved to the new offices. 


A press dispatch from Paris is to the 
effect that consideration is now being 
given to the projects for the tunneling 
of Mont Faucille and Mont Blanc. The 
piercing of Mont Faucille will put Geneva 
in direct communication with Paris, and 
that of Mont Blane will open to France 
direct traffic into Italy without passing 
through foreign territory. The object is 
to repair the losses in traffic suffered by 
France through the piercing of the Sim- 
plon tunnel. 


Air compressers run by electric power 
are not uncommon about mines. The air 
is employed in drilling, running hoists, 
both above and below ground, and where 
the receivers are large and the pressure 
high—1oo pounds per square inch—an in- 
stallation of this character possesses some 
advantages when applied to hoisting. If 
the power is suddenly shut off, the air 
plant has usually sufficient expansive 
power in reserve to bring the skip to the 
surface—Mining and Sctentific Press. 


The plan for a great underground pneu- 
atic tube system in London, for the dis- 
patch of letters and parcels, seems to 
have been definitely killed for the present 
by the adverse decision of the committee 
of the House of Commons. One of the 
advantages claimed for the plan was that 
it would relieve the congestion of the 
streets by dispensing with a large number 
of vehicles. But it seemed to be held that 
the scheme was still too much in the ex- 
perimental stage. London had one ex- 
perience, years ago, with a pneumatic tube 
delivery, which proved unsuccessful, but 
it is explained that the general plan was 
defective, parcels being accumulated faster 
than they could be handled, so that there 
was no saving in time.—Ex. 
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A new water works lake tunnel for De- 
troit, Mich., has just been completed. The 
tunnel is 3,160 feet long, centre to centre 
of shafts, has an internal diameter of Io 
feet, and a four-ring brick lining. There 
was 26 feet of clay between the bottom 
of the river and the top of the excavation. 
The greatest depth of water over the tun- 
nel is 30 feet. The tunnel bore, which 
was 13 feet in diameter, was through clay 
containing pockets of sand. Air pressure 
of 12 to 32 pounds was used, and no shield 
was employed. There was no loss of life 
during the construction of either the tun- 
nel or shafts. The river intake crib will 
not be completed until some time next fall. 
Mr. Clarence W. Hubbell, M. Am. Soc. C. 
E., is civil engineer to the Water Board 
of Detroit—Engineering News. 


The operation of cleansing and renovat- 
ing stone and brick surfaces by a sand- 
blast is being conducted on a commercial 
basis by Farnham (Limited), of Victoria 
street. The sand-blast is produced by 
an air-compressor, either fixed or 
portable, the air being conveyed to 
an atomizer which picks up the sand, 
which is carried through a hose and 
projected through a nozzle against the 
surface to be cleansed. The compressor 
is driven by an electric or petrol motor. 
A preservation process carried out by the 
injection of liquid paraffin wax to the stone 
or brick work, which has been previously 
dried and heated, is claimed to preserve 
the surfaces from the disintegrating ef- 
fects of the atmosphere, gases, and mois- 
ture for an indefinite period.—London 
Times (Eng.) 

An air compressor has been patented by 
Mr. Charles H. Scott, of the High 
Orchard Iron Works, Gloucester, Eng., 
which has several novel features. The 
vertically reciprocating piston is cored out 
with passages of large area, and has fitted 
at the top a light suction valve having a 
diameter almost as large as the piston. 
The end of the valve stem is hardened, 
and the top end of the connecting rod 
above the piston pin comes in contact with 
the end of the valve stem during the suc- 
tion stroke, owing to the angularity of the 
rod, so lifting the suction valve. The 
valve is returned to its seat by a spring. 
The delivery valve is of slightly larger 
diameter than, and has its seating on, the 
top end of the cylinder. The two valves 


are dished and come practically into con- 
tact (concave to convex) with one another 
at the top of the stroke so as to have the 
minimum of clearance. 


The Pedrick & Ayer Company, of Plain- 
field, N. J., has put on the market a small 
portable pneumatic punch, designed espe- 
cially for railroad work, to fill the need of 
such a tool in roundhouses and railroad 
shops for doing light punching of all kinds. 
The tool weighs about 190 pounds and 
may be swung from an overhead trolley, 
in which position one man can punch the 
holes along a tank plate much more rap- 
idly than five or six men can handle a 
heavy sheet through a stationary punch. 
It may also be set on a bench; the hand 
lever can be removed and a foot lever 
attached, which makes it a very compact 
stationary punch for the copper shop and 
roundhouse and for making repairs to 
tanks, stacks, ash pans and front ends. It 
has a maximum capacity of 9-16 holes in 
14 inch steel plate with 90 pounds air 
pressure, and is fitted with suitable dies. 
It will drive 1% inch rivets cold. 

“In some localities,” said the representa 
tive of a whistle manufacturer, “they now 
use no surface cars, in place of the gong, 
air whistles blown by compressed air 
pumped into a tank carried on the car. 
The whistles used on the cars of the sub 
way and elevated roads in this city are air 
whistles, blown by compressed air in this 
manner. 

“The air whistle is similar in design 
and appearance to the steam whistle, but 
different in some details of its construc 
tion and in the adjustment of its parts, to 
adapt it to the use of air instead of steam. 

“On many power boats not driven by 
steam there are now used air whistles. 
These whistles are blown by compressed 
air from a tank kept filled by a pump ope- 
rated with power from that supplied for 
driving the boat, or by the boat's machin- 
ery. But we supply also nowadays inde- 
pendent air whistles, pump and gage, the 
pump of which can be operated by hand; 
and such outfits are not costly. 

“We are now selling air whistles for 
automobiles.”—New York Sun. 





The cleaning and ventilation of a work- 
shop is to be effected by a novel system 
installed at the Singer Manufacturing 
Co.’s new works in Scotland, by the J. M. 
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Adam Company, pneumatic engineers, of 
Glasgow. There are eight cabinet-making 
workshops, 200 feet, by 80 feet, containing 
specialized machine tools, and immediately 
from each tool the sawdust and chips are 
drawn as produced, and conveyed by air 
current to the main boilers, into the fur- 
naces of which they are fed continuously 
and automatically. The fans are motor- 
driven, and consist of nine equal units in 
three groups of three each, concentrated 
in three main pressure ducts carried on a 
bridge of five spans, each 50 feet long, and 
about 30 feet high, supported on steel lat- 
tice columns across the yard between the 
factory and the boiler house. The bridge 
will also carry an elevated rope traction 
tramway, with a service of small trucks 
conveying to the same destination broken 
wood and other refuse too heavy for air 
current transmission. The power ab- 
sorbed will be approximately 150 b. horse 
power.—lV ork (Eng.) 


The classification of excavation causes 
so much trouble at times and is made in 
so many ways, that it is of interest to no- 
tice the system adopted for the main 
canal of the North Platte project of the 
U. S. Reclamation Service, involving 2 
800,000 cubic yards of earthwork and 150,- 


000 cubic yards of rock work. Four 
ooeg have been adopted, as follows: 
Class All material that can be plowed 


by an average four-horse or mule team, 
each animal weighing not less than 1,400 
pounds, attached to a suitable breaking 
plow, all well handled by at least three 
men. Also all loose material occurring in 
the above that can be loaded into a scraper 
by two men. Class 2: Indurated material 
of all kinds which cannot be plowed as in 
Class 1, but which requires loosening by 
powder and can then be removed in 
scrapers, and including the formation 
known as Brule clay. Class 3: All loose 
material in which large rocks occur to 
such an extent as to prevent the use of 
plow or scraper, but excluding masses ex- 
ceeding 1 cubic yard in volume. Class « 
All rock in masses greater than I pest 
yard and requiring drilling and blasting. — 
Engineering Record. 


With increase in altitude the barometric 
or atmospheric pressure falls from 14.7 
pounds per square inch at sea-level to 
about Io pounds at 10,000 feet above sea- 
level. Since the density of the air de- 


creases with its pressure it is obvious that 
at such an altitude the total weight of air 
handled by a given displacement is con- 
siderably less than at sea-level; and that 
to fill any volume—a rock-drill cylinder, 
for instance—with air compressed to go 
pounds, a greater free-air displacement 
will be necessary than would be required 
at sea-level. The relative capacities of a 
given displacement to do work—as in rock 
drills or pumps—at varying altitudes are 
indicated in the following table: 
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25 22 | £3 £5 | 33 | s3 
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0 30 1.000 || 4500 | 25.26 | .86% 
500 29.42 | .983 || 5000 | 24.78 | .856 
1000 28.87 | .967 || 6000 | 23.85 | R27 
1500 28.33 | .954 || 7000 | 22.95 | .800 
2000 | 27.79 | .938 || 8000 | 22.10 | .772 
2500 7.27 | .924 || 9000 | 21.22] .%%5 
3000 26.76 | .909 || 10000 | 20.43 | .725 
3500 26.25 | .894 || 12000 | 18.92 | .677 
4000 25.75 | .879 | | 
' ' | 


—Popular Mechanics. 


During the past three years I have done 
considerable outside spraying. Nearly all 
this spraying has been done in peach orch- 
ards in a radius of one mile from my 


plant, and the lime and sulphur mixture 


has been used, excepting some later spray- 
ing with the Bordeaux. I have two com- 
pressed air-rigs, and have covered about 
150 acres of peach orchards during the 
early spring. At the plant the mixtures 
are made, and also the tanks are charged 
with compressed air while being filled with 
the mixture. I have one man in the orch- 
ard who does all the spraying, and a boy 
to deliver the charged rigs to him and 
return the empty rig to the plant for re- 
charging. It requires about thirty min- 
utes to blow out a tank full of mixture, 
120 gallons. I furnish and make the mix- 
ture, and apply it to bearing trees at the 
rate of 3 cents per gallon. This is really 
cheaper than the average grower with the 
usual hand outfit can apply it, counting the 
cost of their labor. Most of the larger 
plants here are equipped with air com- 
pressors, and employ this power instead of 
gasoline mixture and other power pumps. 
Several are co-operative plants, furnish 
mixture and power for the members and 
some outsiders. The introduction of this 
advanced method of spraying has shorn the 
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San Jose of its terrors, as well as fungus 
diseases.—W. Owen, in Rural New 
Yorker. 


In connection with the ventilation of the 
New York Subway John W. Young, who 
has studied the problem from the stand- 
point of a railway builder and engineer, 
is quoted by the New York American as 
saying : 

“ You must remember that with suction 
you will not get the heavy air out at all. 
The fans will draw only the heated air 
that is stirred up by the trains. There 
will always be a layer of dead, cool air 
at the bottom of the tube along the tracks, 
heavily charged with unwholesome gas 
and impurities. The trains rushing 
through this merely push it aside as a 
ship does water. 

“But by releasing cold, condensed air 
along the bottom of the Subway at points 
between the stations you make fresh air 
expel impure air so fast that impurities 
have not time to collect in dangerous 
quantities. 

“ Any contractor will tell you how the 
blast of air is used in digging tunnels 
or in mines to ventilate the workings. 
For $50,000 the City could build a com- 
pressed air plant that would furnish com- 
plete ventilation for the Subway. The 
most pressure needed in the _ longest 
stretch of closed subway, where the open- 
ings to the street are farthest apart, would 
not be more than required to operate three 
or four ordinary rock drills.” 

A disadvantage of the conventional pool 
or billiard table is its large dimensions, 
which prohibit its use in a house of ordi- 
nary size, unless located in the cellar, 
which generally does not offer attactive 
surroundings. Realizing this limitation, 
an Indianapolis man has conceived the 
idea of constructing pneumatic cues, which 
are very much smaller than the regulation 
cue sticks. By the use of this invention 
the game of pool or billiards may be 
played upon a smaller table than is gen- 
erally used, and a correspondingly smaller 
room may be employed. The invention 
also permits the arrangement of smaller 
tables in closer proximity, without the 
players at once interfering with the players 
at adjacent tables. An important feature 


of the pneumatic cue stick is that it per- 
mits the players to play a more perfect 
game, and the cue reduces the difficulty of 
the game, without reducing its scientific 
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basis, and at the same time adds interest 
and novelty. 

In construction the cue is simple. It in- 
cludes a short, hollow stick, provided at 
one end with a movable tip and at the 
other with a piston and rubber bulb, which 
furnishes the propelling power. Pressure 
upon the bulb will force the cue stick out 
with any desired degree of force, and the 
quickness with which the pressure is ap- 
plied to the air bulb determines the shoot- 
ing strength, as the harder the ball is hit. 
—Philadelphia Record. 

_The rise in temperature in compressing 
air in the usual types of compressors 
found in the mining regions can be greatly 
reduced in most cases if the air be con- 
ducted to the compressing cylinders from 
the outside open air, instead of within the 
building, as is most commonly the case. 
The freezing up of an air pipe line during 
cold weather is due to the moisture in the 
air, which congeals, clogging the pipe. To 
obviate this difficulty a sort of condenser 
called an “aftercooler” is made through 
which the air passes, the moisture being 
condensed and settling to the bottom of 
the aftercooler from which it may be drawn 
off. If desired, the air, now comparative- 
ly free from moisture, may be reheated for 
use. A large-sized air receiver, situated 
20 or 30 feet from the compressor, has a 
tendency to take a large percentage of 
moisture out of the atmosphere. Where 
the pipe line from the compressor to the 
point of use is long—over 1,000 feet—it 
is good practice to put in a second re- 
ceiver. It not only extracts more water 
from the compressed air, but gives a larger 
volume of air upon which to rely in case 
of a sudden unexpected stoppage of the 
compressor. At some mines having air- 
compressing plants, with water or electri- 
cal power, and steam (usually the original 
plant) as auxiliary, the air line is con- 
nected with the boilers when not other- 
wise in use to give greater capacity to the 
air plant—Mining and Scientific Press. 

Anyone possessing, or able to obtain an 
old bicycle pump can, without much dif- 
ficulty, make a small air compressor which 
will pump a bicycle tire or run a toy steam 
engine. The next thing necessary is a 
pulley about 8 or 9 inches in diameter and 
2 inches thick. 

Mount this pulley on a piece of % or % 
inch steel rod for a shaft. Bend about 2 
inches of one end of the shaft at a right 
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angle and force the rod through a hole 
in the centre of the pulley, hammer it into 
the wood and fasten it with a staple. 

Remove the handle from the bicycle 
pump, heat the end of the piston rod to a 
bright glow and hammer it flat. Drill a 
hole in the flat part large enough for a 
nail to pass through easily. To the foot- 
piece on the bottom of the pump solder a 
hinge and then screw the loose part of 
the hinge to the baseboard. 

In putting the compressor together 
mount the shaft of the pulley on pieces of 
sheet brass having holes drilled to make 
an easy fit. These pieces of sheet brass 
should be screwed fast in a hole in one 
end of a 2x4 inch timber 2 feet long. Nail 
the end of the piston rod, through the hole 
drilled, to the pulley and belt whatever 
means of generating power you may have 
to the air compressor which is now com- 
plete. A small electric motor will work 
the apparatus nicely for pumping bicycle 
tires or other work of that nature.—By E. 
H. Klipstein, East Orange, New Jersey, 
in Popular Mechanics. 


At the recent meeting of the Air-Brake 
Association Mr. Robert Burgess, in a 
paper on the maintenance of air-brake 
hose, quoted some interesting figures 
taken from the storekeeper’s records on 
a large railroad owning about 25,000 cars. 
The cost of maintaining the hose on these 
cars for one year was, in round numbers, 
$30,000. This figure is probably much 
higher than the average, and an analysis 
of the itemized records is therefore of 
particular interest as showing where the 
careless or extravagant practices can be 
traced. During the year 27,600 hose were 
bought and fitted up complete. But dur- 
ing the same period only 19,750 coupling 
gaskets were bought. Manifestly, there- 
fore, not only were a large number of new 
hose sent out with old gaskets, but the 
number of gaskets issued to repairmen 
must have been very limited. The result 
was that the trainmen and repairimen were 
encouraged to wedge up the couplings to 
keep them tight with the old gaskets, and, 
in consequence of this bad practice, a 
large number of hose and angle-cocks 
were torn off and damaged. By attempt- 
ing to save gaskets that cost 4 cents, hose 
costing 75 cents were destroyed. 

More than 6,500 new couplings were 
bought, showing that of the total number 
of hose fitted up, about 25 per cent. of the 


3642 


couplings were either lost or so badly 
damaged as to render them useless. Over 
12,000 hose nipples were ordered, which 
would indicate that when a hose was torn 
off only the larger end was returned for 
refitting. Hose clamps to the number of 
37,000 were also bought, showing that the 
repairmen, in remounting hose, almost in- 
variably threw away the old clamps. 
Another interesting feature of the inves- 
tigation which was made in this case was 
the ignorance shown regarding the storage 
of hose. Most of the storekeepers were 
under the impression that the hose should 
be kept in a dry atmosphere, and in most 
places it was stored in the upper part of 
the storehouse. A large number of porous 
and cracked hose was the natural result.— 
Railroad Gazette. 


Nowadays no dentist's office is modernly 
equipped without a compressed air outfit, 
and the number of uses for the air-blast 
found in dentistry is astonishing. Not 
only does it make the dentist’s work 
easier, but it also renders it less painful to 
the patient. In a paper read before the 
Michigan State Dental Association at 
Lansing recently, Dr. George Zederbaum 
enumerates the uses he has found for 
compressed air in his own office. 

There are two outfits practical for the 
same purpose. One consists of a small 
pump connected by a pulley to an electric 
motor. When the motor is set in motion 
the pump compresses the air into a storage 
tank, which, by means of an air gauge, 
accurately registers the pressure of air 
stored. From the storage tank leads the 
outlet pipe, guarded by a suitable valve. 
This, of course, requires an electric cur- 
rent. The other outfit is in reach of all 
those in small towns, as it depends on a 
water supply, no very high pressure being 
necessary. The air pump is attached to 
the city water supply pipe, which keeps 
the desired pressure of air in the storage 
tank automatically. Either apparatus de- 
scribed may be had for $25 or $30. 

The compressed air is used for drying 
cavities, which are to be filled, a current 
of air applied for two minutes being suffi- 
cient for cooling compounds used in tak- 
ing impressions and bites, such as wax 
and gutta percha, and which, because of 
their plasticity, must be applied warm; in 
treating injuries which are hard to reach 
and see, using either liquid applied by 
means of a pointed atomizer tube and 
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the air, or powder applied by means of a 
glass pipe. In preparing cavities it is fre- 
quently necessary to blow out the chips 
and uncomfortable heat is generated by 
the revolving bur. The point of operation 
may be kept free from chips and the bur 
be prevented from heating by wiring a 
small rubber tube around the engine cable 
down to the hand-piece and turning on 
the air pressure. The opening in the tube 
need not be larger than 1/32 of an inch. 

For deodorizing malodorous mouths, 
spraying a solution of lavender or other 
perfume about the room to rid it of dis- 
agreeable odors, drying up the mouth 1 
bridge or crown work, or for connecting 
to the blow-pipe in soldering, the air cur- 
rent will be found equally efficient. By 
turning it squarely into the face of a patient 
who has taken an anesthetic, or one who 
has fainted after an extraction, the patient 
may be quickly revived—a _pleasanter 
means hen putting water on the face.— 
Popular Mechanics. 


A revised edition of Progressive Ques- 
tions and Answers on the Air Brake, both 
Westinghouse and New York systems, for 
beginners and advanced students, has just 
been issued by the Air-Brake Associa- 
tion. 

Westinghouse System.—The book con- 
tains a thorough description of all the 
Westinghouse apparatus, construction and 
operation, disorders, their location and 
correction. This department contains 
more than 800 questions and answers, and 
nearly 100 first-class illustrations, besides 
many general questions and answers. 

New York System.—All parts of the 
New York apparatus are thoroughly ex- 
plained, including disorders, their loca- 
tion and remedies. Nearly 600 questions 
and answers are given in this department, 
supplemented by 8o splendid illustrations, 
and it is one of the best, if not the best 
treatise on the New York air brake ever 
published. 

In the introduction the publishers say: 

“The value of the original book of 
Questions and Answers on the Air Brake 
as compiled by the Air-Brake Association 
in 1896, is perhaps best estimated by the 
unusually large sale of sixty thousand 
copies up to the present time. This value 
is further forcibly expressed by the in- 
sistent demands of air-brake men for a 
revision of the original book, although 
there are many other air-brake books in 


this field which, to some persons, may ap- 
pear overcrowded. Regardless of this 
fact, there seems to be a special field and 
demand for the Air-Brake Association’s 

300k of Questions and Answers. It is 
to meet these demands, and also those of 
new conditions in modern railroad air- 
brake practice, that this revision has been 
made. Both the Westinghouse and New 
York systems have been exhaustively 
treated by specialists in these two com- 
panies, thus putting between the covers 
of one book authoritative and up-to-date 
information on the two brakes. ‘That por- 
tion of the work pertaining to inspection, 
operation, repairs and maintenance has 
been performed by actual service men, ex- 
pressly called in for the purpose from the 
firing line of daily experience. In this 
way there has been brought together the 
strongest revising corps obtainable to pro- 
duce an air-brake book equally valuable 
to the beginner and to the advanced stu- 
dent—the former, if he applies himself, be- 
ing fitted to pass any air-brake examina- 
tion imposed, and the latter to be enter- 
tained and kept up-to-date in air construc- 
tion and practice. As an addition to the 
library of the air-brake student, this book 
will be found indispensable.” 

This book is furnished in both leather 
and paper covers, and copies may be pur- 
chased from Mr. F. M. Nellis, Secretary, 
Air-Brake Association, 136 Liberty street, 
New York, N. Y 


Americans use more water than any 
other nation in the world. From earliest 
childhood they are taught not only to use 
water freely, but actually to waste it. 
Plenty of water has so long been a neces- 
sity that no one could be induced to accept 
any other belief. In the large cities mill- 
ions of dollars have been spent in secur- 
ing, improving and extending the munici- 
pal system of water works. Every day 
398,925,628 gallons of water are pumped 
out of Lake Michigan into the homes of 
Chicago. Indeed there are few towns of 
1,500 inhabitants without their water 
works. 

A good water supply in a house is quite 
as essential to comfort and health as that 
of heat, and vastly more so than the ques- 
tion of artificial light. As people have 
gone out from the cities into the country 
they have installed various private sys- 
tems of water supply, using gasoline or 
hot air engines, rams, and windmills to do 
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the pumping. The latest method is the 
pneumatic, which in first cost, is so low, 
and in operation so simple as to make a 
description of it interesting. And this 
system may be briefly explained as a 
strong steel tank filled partly with water 
and partly with compressed air. A pump 
to get the water into the tank and the 
usual service pipes to conduct the water 
where it is wanted complete the story. 

To go into more detail it should first be 
stated that the success of the system de- 
pends more on the tank itself than all else. 
A tank which will hold water alone, at say 
200 pounds pressure, may leak air at 70 
pounds for the same reason that a basket 
which will hold a bushel of potatoes will 
leak sand, or a watch case which is water- 
proof will become filled with dust in time. 
Air is thinner than water and will pass 
through a smaller opening. By the pneu- 
matic system a pressure of 40 pounds— 
which is more than is found in most city 
systems—will elevate water through pipes 
toa height of 93 feet or throw a stream 
into the air to 55 feet; 70 pounds pressure 
elevates in pipes to 160 feet, and throws 
a stream to 75 feet. 

The tank can be placed in a basement, 
or shed and need not be directly over the 
cistern or well from which the supply is 
taken, no elevated reservoir is required; 
the tank should be of a size proportionate 
to the quantity used. Attached to the 
tank, preferably, but located elsewhere if 
necessary, is a special pump for forcing 
the water into the tank. For residences 
and similar requirements two to four pump- 
ings a month are sufficient for all house- 
hold purposes. The compression of the 
air in the tank is secured by pumping the 
water into the tank, not by allowing the 
tank to partly fill with water by gravity 
and then pumping in air. The pumping 
may be done by hand for the smaller sys- 
tems, or by windmill, gas engine, electric 


motor or hydraulic rams, and the tanks 
have been built from 200 gallons capacity 
for a house up to 5,000 gallons for ranches. 
For systems using a large amount of 
water, as for instance a large apartment 
building in Louisville, Ky., which uses as 
high as 6,000 gallons an hour, the pump- 
ing obviously must be done by power. 
Where windmills or electric motors are 
used a self-acting regulator starts and 
stops the pump without any attention. For 
a medium size residence 5 to I0 minutes 
per day pumping by hand will suffice and 
is not especially hard work.—Popular Me- 
chanics. 

Apparently there is going to be no end 
to the Proctor chain of theatres. That en- 
terprising manager has frequently an- 
nounced his intention to add no more the- 
atres to his circuit, but his natural born 
energy will not let him rest content, and 
every few months one wakes up to read of 
another Proctor playhouse. The latest 
link in the chain is Troy. In that city Mr. 
Proctor has secured, for a long term of 
years, the famous Griswold Opera House, 
which has been used for high-class stars 
and combinations. Early in September it 
will reopen as “ Proctor’s Griswold,” and 
if these all pleasant plans do not go astray 
Troy will enjoy during the coming season 
the greatest all star vaudeville entertain- 
ment they have ever dreamed of. Trojans 
are to be congratulated. 


The August Century will bring the sec- 
ond of Mr. Frank J. Sprague’s papers on 
“The Electric Railway,” giving special 
attention to later experiments and the 
present state of the art. It is Mr. 
Sprague’s opinion that every road presents 
a special problem, and that the wisdom of 
adopting electricity can be determined only 
by a most careful analysis of all the con- 
ditions affecting it. 
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PNEUMATIC DRILL. 
i Filed Jan. 
Serial No. 


ir 


791,846. 
law, St. Louis, Mo. 
newed Nov. 3, 1904. 


James White- 
21, 1903. Re- 
231,202. 





the 
cylinders of each set being arranged in tandem 
and consisting of a single-acting cylinder and 
double-acting cylinder, pistons in said cylinders, 
and means for admitting motive fluid to both 


A fluid motor, two sets of cylinders, 


cylinders of one set and to the double-acting 
cylinder of the other set and exhausting the 
motive fluid from the double-acting cylinder of 
said first-named set and from both cylinders of 
said second-named set. 


PNEUMATIC DRILL. 
Filed Sept. 26, 1908. 
Serial No. 231,203. 


791,847. 
law, St. Louis, Mo. 
newed Nov. 3, 


James White- 
Re- 
1904. 











A fluid motor, a housing containing cylinders 
and provided with flat contact-surfaces, pistons 
in said cylinders, mechanism for transmitting 
the power from said pistons, a gear-casing 
carried by said housing, and a removable valve- 
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casing carried by said housing and extending 
between said cylinders to supply fluid thereto, 
said valve-casing being provided with flat con- 
tact-surfaces co-operating with the contact-sur- 
faces of said housing. 


791,605. SLACK ADJUSTING DEVICE FOR 
AIR-BRAKES. Lynton T. Block, St. Louis, 
Mo. Filed December 5, 1903. Serial No. 
183,987. 

791,787. PNEUMATIC BREAST-STRAP. 
Clarence T. Howard, Rosedale, Kans., as- 
signor of one-half to James O. McVey, Kansas 


City, Mo. Filed Apr. 28, 1902. Serial No. 
105,042. 

791,788. PNEUMATIC HORSE-COLLAR. 
Clarence T. Howard, Rosedale, Kans., as- 


signor of one-half to James O. McVey, Kansas 


City, Mo. Filed Apr. 28, 1902. Serial No. 
105,042. 

791,896. VALVE-MOTION FOR AIR-COM- 
PRESSORS. Fritz Gerb, New York, N. Y. 


Filed Sept. 16, 1902. Serial No. 123,559. 




















The combination, with an air-compressing main 
cylinder and piston, suction valves located at 
the ends of the main cylinder, and means for 
actuating the suction-valves of piston-valves, 
each comprising a cylinder and a piston movable 
therein, at the ends of the main cylinder, means 
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for operating the piston-valves, a rod connecting 
the piston-valve pistons, channels connecting the 
ends of the main cylinder with the cylinders of 
the piston-valves, outlet-valves at the outer ends 
of the piston-valve cylinders, and pipes con- 
necting the inner end of one piston-valve cylin- 
der with the outer end of the other piston-valve 
cylinder. 


792,028. DRILL. Charles H. Haeseler, Phila- 
delphia, Pa., assignor to The Ingersoll-Ser- 
geant Drill Company, New York, N._Y., 


a 
Corporation of West Virginia. Filed Jan. 6, 
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A combined hammer-drill and feeder, the 


combination, with the feed cylinder and piston, 
of the hammer-drill secured to the feed-piston, 
said feed-cylinder having a continuous passage 
extending from the source of motive-fluid supply 
to the interior of the hammer-drill and including 
the 


pressure area back of the feed-piston, a 
throttle-valve between said pressure area and 
the hammer-drill for controlling the hammer- 


drill and a throttle-valve back of said pressure 
area for controlling the feed-piston, substantially 
as described. 

A combined hammer-drill and feeder, the 
combination with the drill-cylinder and working 
tool connected thereto so as to rotate therewith, 
of the feed-piston connected with the drill- 
cylinder so as to turn therewith, the feed- 
cylinder having a pressure-chamber back of the 
feed-piston, means to admit motive fluid to said 
pressure-chamber, a passage extending from said 
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pressure-chamber through said piston to the 
drill-cylinder, a throttle-valve interposed in said 
passage and adapted to be grasped by one hand 
of the operator, and a handle secured to the 
drill-cylinder and adapted to be grasped by the 
other hand of operator to turn the working tool 
during its operation, substantially as described. 


792,152. ENGINEER’S VALVE FOR AIR- 
BRAKES. James F. McElroy, Albany, N. Y., 
assignor to Consolidated Car Heating Com- 
pany, a Corporation of West Virginia. Filed 
Nov. 1, 1904. Serial No. 230,932. 


792,281. PORTABLE PNEUMATIC DRILL. 
Reinhold A. Norling, Aurora, Ill., assignor to 
Aurora Automatic Machinery Company, 
Aurora, Ill., a Corporation of Illinois. Filed 
July 20, 1904. Serial No. 217,371. 





_ The combination with a crank-shaft, of a bear- 
ing-plate provided with rigidly-attached bearing- 


sleeve, driving connections between the. said 
eccentric and the crank-shaft consisting of a 
stud on the eccentric and a radial slot formed in 
one of the crank-arms of the crank-shaft and 
adapted to receive said stud on the eccentric, 
a counterbalance-weight for the crank-shaft, and 
a disk to which said weight is attached, said 
disk being located on the crank-shaft adjacent 
to the eccentric and provided with a slot through 
which passes the said stud on the eccentric. 


792,290. PNEUMATIC TIRE. Corydon S. Sears, 


Toledo, Ohio. Filed Sept. 22, 1904. Serial 
No. 225,406. 
792,806. MOTOR-OPERATED DUMPING- 


CAR. Carl P. Astrom, East Orange, N. J., 

assignor to M. H. Treadwell & Co., a Cor- 

poration of New York. Filed Sept. 6, 1904. 

Serial No. 223,379. 

A motor-operated dumping-car and the like, a 
reciprocating motor-cylinder, a fixed piston and 
piston-rod for said cylinder, connections be- 
tween said cylinder and the dumping-car body, 
a member on said cylinder provided with an 
opening, a member on a fixed part of the car 
also provided with an opening, and a_locking- 
pin adapted to be received through said open- 
ings when the cylinder: has been shifted so that 
said openings are opposite, substantially as and 
for the purposes set forth. 
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792,287. CHANNELING-MACHINE. William 
Prellwitz, Easton, Pa., assignor to 4 
Ingersoll-Sergeant Drill Company, New York, 
N. Y., a Corporation of West Virginia. Filed 

Sept. 2, 1904. Serial No. 223,101. 








The with the shell and feed- 


combination 
screw, of gear connected with the feed-screw, driv- 
ing gear carried by the shell and means for ad- 
justing the driving gear in different radial posi- 


tions with relation to the axis of the feed- 
screw. 
792,288. CHANNELING-MACHINE. William 


Prellwitz, Easton, Pa., assignor to The Inger- 
soll Sergeant Drill Company, New York, 
N. Y., a corporation of West Virginia. Filed 
Sept. 2, 1904. Serial No. 223,103. 
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The combination with a supporting-column, of 
a trunnion removably secured to the column 
with its axis parallel with the axis of the column 
and a shell-support mounted in a plane trans- 
verse to the axis of the trunnion. 

The combination with a suitable support and a 
two-part trunnion arranged to embrace the sup- 
port, one of the said trunnion parts being pro- 
vided with a worm-wheel segment, of a shell- 
support arranged to embrace the said trunnion, 
the shell-support being provided with a worm 
adapted to engage the worm-wheel segment to 
rotate the shell-support on the trunnion about the 
axis of the support and trunnion. 

792,338. PNEUMATIC TOOL. Herman Leine- 
weber, South Chicago, IIl., assignor to Inter- 
national Tool Company of Chicago, Chicago, 
Ill., a Corporation of Illinois. Filed Nov. 5, 
1904. Serial No. 231,491. 





A pneumatic tool, the combination with a 
casing carrying at one end of the tool and con- 
taining a reciprocable piston, of a handle pro- 
vided with a passage through which to intro- 
duce air-pressure into the casing for actuating 
the piston, and pressure-regulating mechanism 
on the handle comprising a tube crossing said 
passage and provided with elongated ports 
registering therewith, a spring-pressed valve 
confined in said tube and having ducts leading 
through it with their inlet ends extending to 
different planes to be depressed successively into 
registration with said ports, and a lever ful- 
crumed on the handle for operating said valve, 
substantially as and for the purpose set forth. 
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792,390. PNEUMATIC SPOKE-RIVETER, 
Chris Borg, Chicago, Ill., assignor to Inter- 
national Harvester Company, a Corporation of 
New Jersey. Filed Dec. 21, 1904. Serial No. 
237,738. 

A pneumatic spoke-riveter, in combination, a 
frame, spoke-gripping jaws and a_heading-tool 
pivotally mounted thereon, a toggle connection 
between the said heading-tool and frame, a tog- 
gle connection between the said spoke-gripping 
jaws, links connecting the toggle-links on the 
spoke-gripping jaws with the toggle-links be- 
tween the heading-tool and frame and also with 
said heading-tool, and single means for actuating 
both the spoke-gripping jaws and _ heading-tool, 
substantially as described. 


792,678. GRIP-TREAD FOR PNEUMATIC 
TIRES. William J. Smith, Canastota, N. Y., 
assignor of one-half to Leslie G. Fischer, 


Canostota, N. Y. Filed Feb. 24, 1905. Serial 
No. 247,152. 

792,788. COMPRESSOR. William Prellwitz, 
Easton, Pa., assignor to the The Ingersoll- 
Sergeant Drill Company, New York, N. Y., a 
Corporation of West Virginia. Filed Apr. 
25, 1904. Serial No. 204,744. 
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A cylinder-head having an annular passage 
therethrough, an annular valve therefor com- 
prising a ring portion and a flange, and an 
annular plate secured to the head and spaced 
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therefrom, the inner wall of the plate engaging 
the outer wall of the flange, forming a guide 
for the valve and limiting its outward movement. 


792,757. FLUID-PRESSURE REGULATOR. 
Jacob Cloos, Milwaukee, Wis., assignor to 
Cloos Engineering Company, a Corporation of 


Wisconsin. Filed Aug. 12, 1904. Serial No. 
220,502. 
A pressure-reducing mechanism comprising 


parts arranged so as to form a self-adjusting 
expansion passageway connecting the sources of 
primary and secondary pressure and a throttle 
mechanism acting at the opening of said pas- 
sageway and acted on by variation in the sec- 
ondary pressure. 


792,790. COMPRESSOR. 


Easton, Pa., assignor 


William  Prellwitz, 
to The Ingersoll-Ser- 
New York, N. Y., a 
Filed June 2, 


geant Drill Company, , 
Corporation of West Virginia. 
Serial No. 210,827. 


1904. 




















A compressor, separated low and _ high 
pressure cylinders, valved pistons therefor,- inlets 
at the approximate ends of the cylinders and 
outlets at their other ends, and means for 
leading the compressed fluid from the outlet of 
the low-pressure cylinder to the inlet of the 
high-pressure cylinder. 


793,166. AIR-TANK AND MEANS FOR SUP- 
PLYING SAME, Edward Walther, Davenport, 
Iowa. Filed Sept. 1, 1904. Serial No. 222,957. 


In combination with a tank provided with a 
sliding reservoir-bell, air-supply pipe in com- 
munication with said tank and bell, a series of 
compressing-tanks and bells one in communica- 
tion wtih each air-supply pipe, means for caus- 
ing the compressing-bells to be raised and filled 
with air, and mechanism controllable by the fall 
of the reservoir-bell for causing the fall of the 
compressing-bells in succession or simultaneously 
for supplying air to the main bell. 
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792,789. COMPRESSOR. William Prellwitz, 
Easton, Pa., assignor to The Ingersoll-Ser- 
geant Drill Company, New York, N. Y., a 
Corporation of West Virginia. Filed Apr. 25, 
1904. Serial No. 204,745. 
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A hollow piston having an annular passage in 
its face, an annular valve therefor and a plate se- 
cured to the piston engaging the valve, forming 
a guide for the valve and limiting its outward 
movement, and holes through the plate for per- 
mitting the passage of the fluid by the inside 
wall of the valve. 
793,380. BLOWING-ENGINE. Albert T. 
Keller, Wilkinsburg, Pa. Filed Dec. 22, 1903. 
Serial No. 186,199. 


S 



















In a blowing-engine, the combination with a 
cylinder, and a recessed piston, of valve-cages 
closed at their inner ends and open at their 
sides, the valve-cages extending endwise into 
the cylinder adjacent the periphery of the latter, 
the cages being constructed and arranged to com- 
municate with the cylinder through all of their 
side openings, and balanced valves operative 
within the cages. 

793,405. PNEUMATIC TIRE. Edward C. 
Teuscher, St. Louis, Mo. Filed Mar. 15, 
1905. Serial No. 250,267. 

793,490. HOSE CONNECTION FOR CARS. 
Henry A. Wise, Mammoth, W. Va. _ Filed 
Jan. 21, 1905. Serial No. 242,094. 
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Motor-Driven Air Compressor 


Dust and Water-proof 
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Westinghouse Traction Brake Co. 
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mics ie Western Office : 
Ww F wext neal out 1545 Railway Exchange B'ldg. 
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South Western Office : 





1932 North Broadway, St. Louis 











Gas Engines and Air Compressors of 
every class for Shops, Marine, Mines, 
Building and Bridge Construction. 


We manufacture Gasoline, Elec- 
trical and Belt-Driven Air Com. 
pressors 
Our Casoline Direct-Con- 
nected Air Compressors 
are the only Machines of 
their kind in the World. 
Our GasolineEngines or Compressors 
are also mounted on wagons to 
make them portable. 


Write for Catalog. 





General Compressed Air Co. 
3933 Olive St., St. Louis, Mo. 
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educational institution 
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| Mines and Minerals 


"$5.00 FOR $3.50 


The Literary Digest 











i is devoted exclusively to articles on is the ideal paper for busy men. 
i the practical operation and _prin- “ pha ee weekly giving 
| ciples involved in the operation of 7 a ne 
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Want to Reach the 
Railroads of the 
Entire World ? 


You can do so by advertising in THE RAILROAD 
GAZETTE. We publish two editions—one in New York 
and another in London. If you advertise in the American 
edition your advertisement is reprinted in the latter without 
extra charge. 

Amongst railroad officials the circulation of the 
RAILROAD GAZETTE is greater than the combined circu- 
lation of all other railroad papers. It covers all depart- 
ments of railroading and is a recognized authority. We 
publish all the standard railroad books. 

Advertising rates on application. 


THE RAILROAD GAZETTE sii a 


Queen Anne’s Chambers, London. 











ENGINEERING NEWS 


A Journal of Civil, Mechanical, 
Mining and Electrical Engineering. 


ESTABLISHED 1874. 


$5 a Year. Ten Weeks for $1 








“ Probably the highest technical authority 
in Journalism.”— EAGLE, Brooklyn, N. Y. 











THE ENGINEERING NEWS 2UBLISHING 


COMPANY . 
220 BROADWAY, NEW YORK. 
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: Diamond 
Drills 


| will locate your ore bodies 
fj and tell their exact extent 
a, Without the expense of tun- 


u| nels, shafts or cross cuts. 
Catalogue 4g. 


Air Compressors 
Rock Drills 
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SULLIVAN MACHINERY CO. 


CHICAGO, ILL. 














%& B. IF. Goodrich Company 


AKRON RUBBER WORKS. FACTORIES: AKRON, OHIO, U.S. A- 


NEW YORK: CHICAGO: SAN FRANCISCO: 
66-68 Reade Street. 143 Lake Street. 392 Mission Street. 


Rubber Goods_._ 
OF FINE QUALITY, 


HOSE FOR ALL PURPOSES. #04 


AIR HOSE for Rock Drills, Compressors, ILLUSTRATED 
Mining Machines, Pneumatic Riveters, etc. CATALOGUE. 


STEAM HOSE, Etc. 
Belting, Springs of all kinds, Valves, Gaskets, Rings, Packing, etc., etc. 
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WHEELER CONDENSER & ENGINEERING CO. 
42 BROADWAY, NEW YORK , 


SURFACE 
CONDENSERS 
Mounted on 
Combined Air 

and 


For 
MARINE 
and 
STATIONARY 


SERVICE. Circulating 


Pumps. 





PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER ; WHEELER LIGHTHALL SURFACE CONDENSER ; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER; 
EDMISTON PATENT FEED WATER FILTER. 
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We also procure design patents, caveats, register trade-mark-, 
labels and copyrights, prepare assignments, licenses, shop rights, 
conduct interferences, institute and defend infringement suits, 
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Prosecution of rejected cases a specialty. 
F H o t t obtained in every country on the globe 

oreign a en $ where patents are granted, Special 
rates where a number of countries are taken at one time, 

COCHRAN & CO. 
EUGENE S. COCHRAN E. HAYWARD FAIRBANKS 
Patent Lawyers 
907 G ST. N. W., WASHINGTON, D.C. 


Opposite U.S, Patent Office 
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Coke Districts and 
Technical Articles written 
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The Stearns-Roger Manufacturing Company, : 
CONSTRUCTING ENGINEERS. 


Chlorination Mills, Electric Plants _ 
~_ _Compressed Air Plants of any capacity. 
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| the best type of roll yet devised. General Manager, 
H MOLLIE GIBSON & A. J. MILLS, Aspen, Colorado.” 


Manufacturers of all classes of Machinery for Mining and Metallurgical requirements. 
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ENGINEERING 
MAGAZINE 


A AN INDUSTRIAL REVIEW 





THE ENGINEERING MAGAZINE 

genoa the best original articles 

y the highest authorities on all 
phases o 
progress. 

Additional and exclusive fea- 
tures are: a Review and Topical 
Index to the current contents of 
nearly two hundred engineering 
and industrial journals; Current 
Record of New Technical Books; 
Industrial News; latest Improved 
Machinery and new Trade Liter- 
ature. 

Every number is a valuable refer- 
ence book for every engineer or 
student of engineering. 

Ask for sample copy and descrip- 
tive circular. 


THE ENGINEERING MAGAZINE 


current engineering 





‘‘Compressed Air” 


Orders now received for 


Bound Copies of 
VOL. 9 


Record of another year’s happen- 
ings and inventions in which 
Compressed Air figures. 


Forwarded Postpaid on receipt of price 


COMPRESSED AIR 


11 BROADWAY 
NEW YORK 








140-142 Nassau St., New York. 











NOW READY 


COMPRESSED AIR 


ITS USES AND APPLICATIONS 


LARCE 8vo. ABOUT 
700 PACES. 


A complete treatise on Com- 
pressed Air, comprising its phys- 


Yn, ical and operative properties from 

, a vacuum to its liquidform. Its 

600 HANDSOME Mag (‘ou RESID AIR thermodynamics, compression, 
AND transmission, expansion, and its 

ILLUSTRATIONS. AA ON TIONS uses for power purposes in min- 
APPLICA ‘| 6©ring and engineering work; 

H1SG Ox. pneumatic motors, shop tools, 

By Site air blasts for cleaning and paint- 


ing. The Sand Biast, air lifts, 
pumping of water acids and 
cils; aeration and purification 
of water supply, are all treated, 
as Well as railway propulsion, 
pneumatic tube transmission, re- 
frigeration. The Air Brake, and 
numerous appliances in which 
compressed uir is a most conveni- 
ent and economical vehicle for work—-with air tab'es of compression, expansion and physical 
properties. Copies of this book will be sent prepaid to any address on receipt of price. Address 


COMPRESSED AIR, 11 Broadway, New York 


CARDNER D. 
HISCOX, M.E. 





PRICE, $5.00. 
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COOPER- 
CORLISS 
ENGINES 


FOR ALL POWER PURPOSES 

















Complete Plants a Specialty 
EXCELLENT FACILITIES FOR HANDLING EXPORT TRADE 





ESTABLISHED 1833. 


te _C. & G. COOPER COMPANY 


MT. VERNON, OHIO, U. S. A. 





BRANCH OFFICES: 
NEW YORK 


1430 Bowling Green Building 
F, W. IREDELL 





BOSTON 
411 Weld Building 
B. A. CHURCH 
ATLANTA 
507 Gould Building 
E. W. DUTTON 
CHICAGO 
1436 Monadnock Block 
J. HOLT GATES 


PHILADELPHIA 
820 Drexel Bldg. 

NEW ORLEANS 
217-231 Gravier St. 
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JUST PUBLISHED 


Electrician’s Handy Book 


By T. O’CONOR SLOANE, A.M., E.M., PH.D. 


Handsomely Bound in Red Leather, with Titles and 
Edges in Gold. Pocket Book Style. 500 Illustrations, 
800 Pages. 


Price, Postage Paid, $3.50 


This book supplies a distinct want in the realm of electrical) 
literature. It is designed to cover the field of practical electric 
engineering, yet to include nothing unnecessary for the every-day 
worker in electricity to know. Its pages are not encumbered with 
any useless theory—everything in it is to the point, and can be 
readily understood by the non-technical man, and at the same 
time the educated engineer will receive great benefit from its 
perusal. Jt is @ modern book of references, a compendium of use- 
fuldata It gives the clue to the operation of electrical systems 
of to-day, leaving out the old and useless matter which has 
encumbered many text books, yet not omitting hints from the 
past, which have a meaning in the present. 


HANI BOOK , 


Copies of this book will be sent postage paid on receipt of price. 
ADDRESS 


“ COMPRESSED AIR” " NEw yore” 


[SLOANE S BLPUCTRUCUMY 




















Construction News 
Press Clippings 


Brown & Seward CONTRACTORS, MATERIAL MEN, BUILDERS, 
MANUFACTURERS, in fact ANYBODY interested in 
Construction News of all kinds, obtain from our 





a . daily reports QUICK RELIABLE INFORMATION 

Solicitors of Our special correspondents all over the country 

American and enable us to give our patrons the news in advance 

3 X of their competitors and before it has become 
Foreign Patents. common property. 


Let us know what you want and we will send 
you samples and quote you prices. 

PRESS CLIPPINGS on any subject from all 
the leading current newspapers, magazines, trade 
and technical journals of the United States 
and Canada. PUBLIC SPEAKERS, WRITERS. 


Experts in Patent Causes 


Offices : STUDENTS and CLUB WOMEN can secure reliable 
data for speeches, essays, debates, etc. Spec.al 
263 Broadway facilities for serving Trade and Class Journals, 


Railroads and large industrial corporations 
WE READ, through our — of skilled a 
a more comprehensive and better selected Jist of 
New York publications than any other Bureau. 

WE AIM to give prompt and’ intelligent service 
at the lowest price consistent with good work. 
Henay T. Brown Write us about it. Send stamp for booklet. 
Eowaso C. SEWARD 


Rosert B. SeEwaro 





UNITED STATES PRESS 
— — CLIPPING BUREAU 
1326-1334 Republic Building. 

State and Adams Sts., CHICAGO, ILL. 
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Ghe BLAISDELL 


possess distinctively criginal features in 


not found in other makes. 


BRADFORD, PA. 





Air Compressors 


DESIGN, ECONOMY and EFFICIENCY 


All sizes and types and for any service. 


The Blaisdell Machinery Co., 





Class F, Steam-driven Two-stage Air ¢ ‘om pressor. 
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wg.00 per annum. RAILROAD OFFICIALS 
et tpg ticconas rates on poo ' 
AY EQ ENT Descriptive of freight a 
REGISTER sxqeqsie Bryer orem 
* Sabseri Price, $5.00 per annum. Single copie, $1.00, 


ption 
SHE RAILWAY EQUIPMENT & PUBLICATION CO 
24 Park Place, New York. 





PATENTS 


procured promptly and with care in all countries 
Trade marks and copyrights registered. 


DAVIS & DAVIS, 
ATTORNEYS-AT-LAW, 
WASHINGTON, D. C. 
220 BROADWAY, NEW YORK. 














Can We 








Will send you all 
newspaper clippings 
which may appear 
about you, or any 


Romeike’s Press 
Cutting Bureau 
subject on which 


ou want to be “up-to-date.” <A large force in our 
Yew York office reads 650 daily papers and over 2,500 
weeklies and magazines, in fact, every paper of import- 
ance published in the United States, for over 5,900 sub- 
scribers, and, through the European Bureaus, all the 
leading papers in the civilized globe. Clippings found 
for subscribers. with name and date of paper are mailed 
day by day. Terms, $5.00 for 100. 


HENRY ROMEIKE, Inc. 
33 Union Square, N. Y. 








BRANCHES: 
London, Paris, 








Berlin, Sydney. 


Assist You? 





‘Compressed Air’’ is 


glad to answer any 


questions on the use 
of compressed air and 
kindred subjects 
interest 


which may 


our readers 


any of 


Seid Your Inquiries 


Zo 


COMPRESSED AIR 


BROADWAY 


NEW YORK 





























A SATISFIED OPERATOR IS ESSENTIAL 


In deriving the full benefit from Pneumatic Tools 


HAESELER AIR 
> TOOLS 


PLEASE 
THE MAN 


Because they are steadiest in action— 
Easiest to operate—Do the most work 
in the shortest time—-Are of simple and 
staunch construction, and stand abuse well. 


weINGERSOLL-SERGEANT cs 


CHICAGO, ILL. 11 BRCADWAY St. Louis, Mo. 
CLEVELAND, O. Boston, MAss. 
PITTSBURG, PA. Et Paso, TEx 


PHILADELPHIA, Pa. NEW YORK Mexico City, Mex. 




















FRANKLIN AIR COMPRESSORS 







— DURABLE 
trina EFFICIENT 
ECONOMICAL 


Franklin Type G—C. S. C.—hav'ng balanced steam valve with Meyer Adjustable 
Cut-off and mechanically actuated air inlet valves. The FIRST FRANKLIN 


appeared three years ago. OVER 1000 are now doing service with 
perfect results. Manufactured by 


Seattle = Toronto 
San Francisco 0 — q Poston 
Denver 2.3 Pittsburg 
Cleveland FISHER BLDG. NE 95° i Of yal Philadelphia 


























COUPLERS than you can imagine ane a trial: we 
will guarantee themto meet the requirement of the heaviest work on | 
air or steam hose. Made with or without attached releasing levers. 


THE Ww. J. CLARK Co., Salem, Ohio 




















